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The ART of 


DIALLING, 


Performed 
AEACAZEZIIASCASSL 
By Scale and Compaſſes : 
ARITHMETICALLY 

By the Canons of Sines and Tangents: 


INSTRUMENTALLY 


By a Trigonal Inſtrument, accommodated with 
Lines for that purpoſe; 


The Geometrical Part whereof is performed by ProjeTing of 
the Sphere in Plano, upon the Plain it (elf, whereby not 
only the Making, but the Reaſon alfoof Dials is diſcovered. 


The ſecond Edition diligently corrected and enlarged, 
with a ſecond way of Geometrical Dialling, very Eaſie, 


Plain, and QOniver ſal. P 


By WILLIAM LETBOURN, Philomath. 
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Printed by J. Grover, for Thomas Sawbridge at the three 
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3:D 3 HE 


READER. 


|H IS Treatiſe of Dialling ( as in the f.rmer 
Edition ) conſiſle/ of Three Parts : the Ac- 


ceptance it hath foun, encouraged me to add 
a Fourth Part; namely, [ A Second Way of Geome- 
trical Dialling ] whieb is performed with great Eaſe 
and Exatineſs, and may be ſerviceable to the ingenious 
Praflitioner, when the other Geometrical way (either 
by infinite excurſions or remotion of Centres may prove 
either very difficult, or at feaſt inconvenient ; I have 
exemplified it only in Horizontal, Dire& North cr 
South Recliners, and in Vertical or Upright Decli- 
ning Plains, as of all other the moſt General. The 
Order of the Four Parts, as they are now Printel, are 
as followeth, viz. 

The firſt Part 35 Gegmetrical, and performeth the 
whole Dofrine of Dialling by Scale and Compalles ; 
by Projefting of the Sphere in Plano upon the Dial 
Plain it ſelf, i. e, By drawing upon the Plain ſuch Cir- 
cles of the Sphere in their true Poſition, as any way re- 
late to tbe delineating of the Hour-lines upou ſuch a 
Plain, let the Plain be in any poſition, and the Place in 
any ſugaation, in reſþeft of Latitude ; by which manner 
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To the READER. 

of delineation, the Hour-lines, the place of the Subſtile, 
and Stile's height above the Plain, ſhall naturally fall 
in their due places upon the Plain, baving no other con- 
ſideration, than only knowing how the Circles of the 
Sphere aro » %i-.! : on the Globe it ſelf ; which will be 
ſufficient [0 Ca! yy i through the whole Work. And 
to that en.l ( after ſvme few ne-ejſary Geometrical Pro- 
blems _) at the beginning of the Book, I bave inſerted 
ſone Aſtronomical Elem:nts alſo, giving the Reader 
a brief account of thoſe Circles,and alſo of their ſituation 
upon the Globe : And inthe Conctuſton of this tielt Part 
1 have (as my liſt Example of Declining Reclining 
Dials ; which Plains of all others, are the moſt difficult 
to draw Hour-lines upon) ſo ProjeQed the Sphere for 
toat purpoſe, that not only the Making, but the Reaſon 
alſo of the delineation of that Dial (and conſequently 
of auy other _) is demonſiratively diſcovered. 

The lecond Part # Arithmetical, ſhewing how by 
Arithmctical Calculation ( by belp of the Canons of 
Artificial Sines and Tangents _) to find the ſituation of 
any Plain, and from thence to calculate the true places 
of the Stile, Subſtile, aud M-rUian, as alſo of the Hour 
diſtancer, and that upon all ſorts of Plains, from the 
Horizontal or Vcr:ical, to ſuch as Decline or Recline, 
or both. And in this Part I have taken my Examples 
C for the moſt part ) the ſame as in that fore-going, and 
that for theſe two Reaſons principa'ly, (I.) For the ſa- 
viug my ſelf the labour of calculating of ſo many New 
ones, But (lI.) and chiefly, for the Praftitioner's ſa- 

tisfattion, 


To the READER, 
risfaftion, that be may ſee what harmoyy there is be- 
tween Arichmetical Calculation and Geometrical 
Projetion. 

The third Part is Inſtrum:nal, and teacherh how to 
delineate Hour-lines "_ all firts FPla ins, by he'p of a 
Plain, Cheap, and Portable Inſtcumen, which [call a 
HOROLOGICAL TR1GON, by which the Stilc, \ Subſtile, 
an4 Hour-lines, up:n any Plain, may ea, /liy an ; re at'y 
be Protrafted, having ve ry few linest draw, but the 
Requiſites the ale! ues rand! n 13.y cafe, | Hee "ceeclms 
tbe Confines or Limits f the Plain t fe! if. Ana wit? Lis 
Inſtrament and its Ule L conclude t! is Treats, 

It may now be expected that F ſhould jhew h. w ty 
beautifie or adorn th(ſe Dials, by in/cribing vpon then 
other Spherical Circles and gh (beſ les he common 
hours) as the E.quinoCtial and Trop cks, the Paralle's 
of Declination, Parallels of the Suns Place, the 
Length of the Day, « the Suns Riſing and Sri ng, 
the Jewiſh, Iraltan, an Babyl mniſh hours, Almican- 
thera s Azimuths, Circles of Poſition, the Stzn3 A'- 
cending, Deſcending, and Culminating, an: {the - like 
Spherical Concluſions : But in regard that (in part ) 


ſome years þnce, I have ( in an App:rdix to a Book »f 


Dialling ) publiſhed a Geometrical way of per formins 
many of theſe Concluſions upon ſome Plains, 1 was the 

more willing to omit them in this place at that time; my 
other occaſions not giving me ſ» much leiſure, as t pro -, 


ſecute.them things anſwerable to my own deſice, 7 the 


ingenious Prafiitioner's fatisfation, But at that time, 
I di: 


To the READER, 

I dil promiſe (God willing) that in due time I would 
publiſh ſomething elſe of Vialling, and that not only of 
the making of Vials upon Plains, but upon 1rreg ular 
Superfici:s alſo, as upon Cylinders, Cones, and 
Spher-s, b-th Concave and Convex, and alſo upon ir- 
regular Concave or Convcx Supcrhicies, and that 
both by Reflexion and Retraxion, with divers other 
things of the like nature : All which particulars, 1 
have ſince that time performed, an4 the Book is now in 
the Pres, an account of the Title whereof, and of the 
particulars therein contained, is given in a Poſt(cript 
at the en of this Book. | 

And now, Reader, let me acquaint thee, That in the 
former [dition ( in regard of my remotion from the 
Prels, and the car<lcinels of the Printer, and grols ig- 
norance of his Corrcfor, ſuch ridiculous faults and 
abſurdirics paſſed the m_ that when 1 came to peruſe 
the Bock., I could hardly Cmy ſelf) in many places 
(without due conſideration ) underſtand it. But I have 
purged it from thoſe Errors and Ablurdities with which 
it was then burthened. to my wexation, and the preat 
Trouble of the Learner ; and now, us far more perfett, 
and nothing in it deſerving an Errata. I this ſecond 
time recommend it to thee, wiſhing all good ſucceſs in 
thy Endeavours. And ſo for this time, Farewel, 


Northeot, Septemb, 26 Will. Leybourn. 


CONNEX TURE 


GEOMETRICAL PROBLEMES, 
AND 


ASTRONOMICAL ELEMENTS, 


PROBL. I. 
Opon a Right Line given, to erect a Perpendicular. © 


DEFINITION. 


Right Line 1s ſaid to be Perpendicular to anothe1 

Eme, when it maketh the Angles on either fide 
of the erected Line, equal, that 1s, fo that the 

Line inclines not,cither to the right or to the left, 

but ſtandeth upright upon the Line,upon which it is ercct- 
ed, as in the following Figure, the Right Line A B is faid 
to be perpendicular to the Line C D, upon which it is ere- 
cted, becauſe the Angles on either fide thereof are equal; 
namely the, Angle A B C on the one fide, is cqual to the 
Angle ABD, on the other fide; and either of theſe Angles 
are called Right Angles, and the Line AB ſoeretted, is cal- 
led the Perpendicular. 


B PRA- 


(2) 
PRACTICE. 


Let CD be a Right Line given,and let it be required to 
erect a Perpendicular thereupon from the point B: Open 
your Compaſles to any convenient ſmall diſtance, and ſet- 
ting one Footin the point 
FR B, with the —_ = 

; the two marks E and F, 
I * on either ſide of the point 
H G B. ---This done,open the 
Compalles to any other 
convenient diſtance grea- 
ter than the former, and 
ſetting one 1n the point 
di | E, with the other draw 
C SD |F D the obſcure Arch GG, as 
near as you may gueſs over the given point B. Again (the 
Compaltles being (till opened to the ſame diſtance) ſet one 
foot in the point F, and with the other Footdeſcribe ano- 
ther obſcure Arch H H, croſfting the former in the point 
A, ſois A the point through which, if you draw a right 
Line from the given point B,that Right Line A B, ſo drawn, 
{hall be Perpendicular to the given Line C D, and from the 
point B, as was required. 


PROBL. IL 


How upon (or near) the end of a given Right Line, to ere# 
« Perpendicular. 


effe& this, there ace ſeveral ways, but I will in- 


{tance only in two, which are familiar and eafie. 
The 


(3) 
The Firſt Way. 


Let AB be a Line given, and from the point A, which is 
towards the end thereof, let it be required to ere a Per- 
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pendicular A C. ——Firſt, Open your Compaſles to any 
{mall diſtance, and ſetting one foot in the given point A, 
with the other deſcribe the Arch F E D, then ſet one foot 
of the Compaſles in D, (they being opened tothe ſame di- 
ſtance) crols the Arch in E, and ſetting one foot in E, with 
the other deſcribe the Arch A F G crofling the firſt archin 
F. Again, ſet one footinF, and with the other deſcribe the 
ſmall arch HH, crofling the former in the point C- fo the 
line A C being drawn, it ſhall be perpendicular to the gi- 
. venLine AB, and from the point A, as was required. 


The Second Way. 


Let B be the point given, and from it let it be required 
todraw thelineBI, Perpendicular to AB, +---- Open the 
Compaſles to any fmall diſtance, and ſetting one foot inthe 
given point B, pitch down the other foot at all adventures, 
as at K, ſo the one foot _ K,turn the other foot _ 

2 y 


(4) 
till it croſs the given line A Bin L, then draw the line K L, 
and ſet the ſame diſtance K L, (at which the Compaſles al- 
ready ſtand)from K to M,ſo a Line drawn from B, through 
M, ſhall be Perpendicular to A B, and from the given point 
B, as was required. 


PROBL. III. 


How from a Point above, to let fall a Perpendicular to a 
Right Line giver. 


N this there are two Caſes, Firſt, when the point above 
1s over(or near) the Middle of the Line. And Secondly, 
when the Point above isncar over the End of the Line. 


The Firſt Caſe. 
Let N O be a Right Line given, and from the point P, 


overt, letit be required to let fall the Perpendicular P Q. 
----Firſt open your Compaſles to any diſtance greater than 


_ 


ox" 


h_..4 
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P Q and ſetting one foot inthe given point P, withthe other 
deſcribe an Arch of a Circle,cutting the given line N O, mn 
the points R. and $. Then, Secondly, divide the ſpace be- 

tween 


(5) 
tween R and Sin two equal parts in Q,, (by the Fourth 


Probleme following) fo aline drawn from the given point 
P, to Q, ſhall be Perpendicular to the given lineN O. 
The Second Caſe. 

Let V be the point given, from whence tolet fall a Per- 
pendicular to the line N O, ----Fir{t, from any part of the 
given line NO, asfrom T, draw a fight Line to the given 
point V, which Line (by the next }jProblem ) divide into 
two equal parts in the point X, with that diſtance of the 
Compalles (one foot being placed itw/X) with the other de- 
(cribe the Arch (or Semicircle) V O T, cutting the given 
line N O 1n©O, fo a Line drawn from V to Q, ſhall be Per- 
pendicularto the given lineN O, and towards the end thercot; 
as was required, 
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PROBL. IV. 


How to divide a Right Line giver, into Two Equal parts,and 
a Right Angles, 

ps the line A Bbealine given, to be divided into two 

equal parts at Right Angles. Take in your Compaſles 
| the length of the line A B, or 
&*e.| (if that be too long ) any other 
4.F diſtance above halt-the length 
& Þ thereof, and ſetting one foot in 


\ theend A, with the other draw 

: the Arch CDE,Cthen the Com- 

o : . paſles unaltered) fer one foot in 
A #3! :D B B, and with the other foot crols 


» 
. 


the former arch{both abovearid 
below the line) 1n the points 
Ya F and G; then a line drawn 
F,.” by from F toG, (hþxl cut the given 
2 Line in H, ſo ſhall A B be di- 
| vided in two Equal Parts in 
the Point H, and at Right Angles, whichwasrequired. 

PROBL 
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PROBL.V. 
A Right Line being given, how to draw another Right Line, 
which ſhall be Parallel thereunto, at any diſtance required, 
or through any point aſſagned. 


DEFINITION. 
F Parallel Lines, there are principally Two kinds,viz. 
Streicht or Right Lined Parallels, and Circular Paral- 
lels. All Cucles that are deſcribed or drawn upon the fame 
Centre, whether they be grea- 
ter or leſſer one than the o- 
ther, are ſaid to be Parallel! 
or Concentrick Circles, as the 
Circle A B'C D, may be faid 
to be a Concentrick Circle with, 
or a Parallel Circle oEFG 
H, becauſe both of them are 
deſcribed or drawn upon the 
ſame point or Centre O; and 
of both theſe Circles,the right 
line A C is the Drameter of the 
Greater Circle, and E G of the Leſer, the point O is the 
Centre of both, and all Right Lines drawn from thence 
to the Periſery, Circumference, or Limb of cither of the 
Circles, are Equa), and are called ſometimes the Semidia- 
miters, and ſometimes the Radins of the Circle, as the lines 
O Cor OB of the Greater,and O Hand O E of the Leſer - 
It containing 60 ſuch Degrees or Parts, of which the whole 
Circle contains 360. 
But Right Lined Parallels, are ſuch Right Lines, that 
being drawn upon the ſame Plain, and infinitely extended 
on either ſide,would never con- 
B —L cur or meet, but always in all 
parts, retain an equal diſtance, 
B D and ſuch are the right lines B C, 


and B D, in the Margin. 


In 


(7) 
In the deſcribing or drawing of Parallel Lines, there 
may fall out Two Caſes or Varieties: As, 

1. It may be required to draw a Right Line Parallel ta 
another Right Line, at a Diſtance given - Or, 

2. It may berequired to draw the Parallel Line through 
a Point a\ligned. 

And of this kind there may be two Caſes 3 For, 

1. The given Point may be Over or Under the Given 
Line ; Or, 

2. It way be Oblique to the given Line. 


PRACTICE. 


Of the Firſt Caſe. 
Let E F be a Right Line given, and let it be required to 
G draw another 
_ a me a——_— RX 0 
. =» '-, parallel there- 
unto, at the 
A | Diſtance of 
E es the Points G 


| and H, 
Take in your Compaſlles the given diſtance G H, then 


ſetting one foot of the Compaſlles in E,(or any other point 
near the ends of the given Line) deſcribe a ſmall obſcure 
Arch of a Circle, as I K. Then moving the Compalles to 
F (towards the other end of the given Line) deſcribe ano- 
ther obſcure Arch as L M; then lay a Ruler to the very 
top of theſe two Arches, fo that the Ruler do not croſs 
but juſtly rouch either of them: then by the ſide of the 

Ruler draw the Line N O, and it ſhall be Parallel to the - 
| "op E F, and at the diſtance G H, which was re- -- 
quired. 


(8) 
The Second Caſe. 

Lct P Q be a Right Line given, and let it be required 
to draw another Right Line Parallel thereunto, which 
{hall paſs through the point R. 

O Firſt, Set one foot 
—— of your Compaſles in 
« thegivenpoint R,and 
1+.» with the other take 
"4 the nearcſt diſtance to 
the given Line P Q ,which is done by opening or ſhutting of 
the Compatilcs, till the moveablepoint doonly touch the gi- 
ven line PQ, deſcribing the Arch S I. The Compalles 
{till reſting.at this diſtance, ſet one foot in P, (or any 0- 
ther points towards the end of the given Line) and with 
the other toot deſcribe the Arch V X. Laſtly, By the very 
top of this Arch, Y,draw the Right Line Y R, and it ſhall be 
Parallel to the given Line PQ, and ſhall pafs directly 
through the given Point R, which was required. 
The Third Caſe. 

Let A B be a Right Line given, and let it be required to 
draw another Right Line Parallel thereunto, which ſhall 
paſs through the Point C. 

Take in your Compaſles the diſtance from the given 

B Point C, to the 

= end of the gi- 
ven line B, then 

'; ſet one foot in 

H : - —C A,the other end 

we of the given 

8 . line, and with 

the other Foot deſcribe the Arch F G. Again, Take in 
your Compalles the my of the given line A B, and ſet- 
ting one foot of that diſtance in C, with the other deſcribe 
the arch DE, croſling the former arch in the point H, ſo 
the Line H C being Che, ſhall be Para/el to the Line 


A B, and ſhall paſs through the given point C, as was re- 
quired, PROBL. 


(9) 
PROBL. VI. 


Any Three Points (which are not in 4 ſtraight Line) being 
given; how to find the Centre of a Circle, which ſhall paſs 
through thoſe Three given Points. 


three given points be ABandC, through 

|| —_ it is Lat Circle ſhould be defcribed : 
Fir(t. Sct one Foot of the Compatles in one of the given 
points as in A, and 
Tre extend the other toot 

SED to Þ, another of the 

SE % : Points, and draw the 
P 4 arch of a Circle G F 
£ D, ----- Secondly, the 
Fi Compatles not alter» 
: ed, ſet one foot in B, 
and with the other, 
croſs the former Arch 
withtwoſmall Arches, 
inthe points Dand E, 
and draw the Right 
Line D E. ---- Third- 
ly, ſet one foot of the 
Compatlesin the third 
' x point C, ( they ſtill 
» «., G,. keeping the ſame di- 
; non", tance) and with the 
other foot croſs the 

firſt drawn Arch, G F D, in the pOlnts F and G,and draw 
the Right Line F G, croſſing the former right line D E,in 
the point O. Sois O the Centre ſought for ; upon which, if 
you deſcribe aCircle at the diſtance O A, it ſhall paſs through 

all the three given Points A B and C, as was required. 


C PROEL. 


> 
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PROBL. VII. 


Two Points within a Circle being gizen, how to find the 
Centre of a Circle, which being deſcribed, ſhall paſs 
through the Two Given Points ; and ſhall alſo divide 
the Peritery or Circumference of the given Circle into 
1wo cqual Parts. 


His and the foregoing Propoſition,come in continual 
ule and practice throughout this work, and there- 
tore ought more eſpecially to be minded. 

Let the Circle given be ABCD, and the two Points 
within the ſame, be E and F. 


Firſt, Through et- 
ther of the given Points 
(as E, ) draw a right 
line E D, which muſt 
pals through the Cen- 


tre of the given Circle 

at R. ---- Secondly, To 

this line B D, draw the 

line AC, through the 

Centre, and at right 

angles to BD--- Third- 

ly,From the given point 

E, draw a right line E 

A, and upon the end 

thereof A, (by the 2. 

Probl.) ere the Per- 

pendicular A G, croſ- 

fing the LineB D, (ir 

being extended) in the 

point G, ſo ſhall G be 

; a third point, and then 
having the three points E Fand G, (by the laſt Problem) 


you 


| 
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ou may find a Centre, upon which a Circle being deſcri- 
bed, ſhall paſs, whoſe Centre will be at H, without the 
given Circle, upon which point, if you deſcribe the arch 
of a Circle at the extent or diſtance of H E, H F, or HG,it 
ſhall paſs through the two given Points E and F, and ſhall 
alſo divide the given Circle A B C,D,into two equal parts 
in the points M and L, which was required. And that 
this Arch thus drawn doth dividethe given Circle into two 
equal parts is evident, for a Line drawn from L to M, will 
paſs direftly through the Centre of the given Circle, and 
ſhall therefore divide it into two equal parts. 


REECE en —_— —_ —— ——_— — A. 


PROBL. VIIL 


How to make a Line of Chords Geometrically, to any aſſrgn- 
ed Length or Radius. 


eng as through this whole Treatiſe, there is con- 
tinual mention and uſe made of a Line of Chords, it 
will not be impertinent in this place to diſcoverthe making 
thereof,) for the convenience of ſuch, as at all times, and 
in all places, cannot have the benefit of the Mathematical 
Inſtrument-maker, to whomtheſe things are common. 


DEFINITION. 


A Line of Chords is no other than 60 Degrees of the 
Arch of any Circte, transferred from the Limb of a Circle 
to a Streight Line; now every Circle great or ſmall, is 
divided (or ſuppoſed fo to be) into 360 equal parts,called 
Degrees, 1o the Semicircle contains/80, the Quadrant go, 
and the Radizs or Semidiameter (which is that Line upon 
which the Circle or Semicircle is deſcribed) noted in the 
following Figure with the Letters A B, is always equal to 
60 degrees of that Circle which it deſcribes, and NO 
C 2 60 de- 


(12) 
60 degrees of a Line of Chords is called the Radiss thereof. 
Thus much for the Definition of a Line of Chords, now for 


The CONCLOSION. 


Fi:ſt, Draw a Right Line of any length, as C BD, and 
upon the middle thereof, (by the Firſt or Fourth Problem) 
ercct the Perpendicular A B. 

Sccondly,Open your Compatlles to the Radias,or length 
that you would have your Line of Chords to be of, which 
ſuppoſe AB, (which I make here equal to the Line of Chords 
that moſt of the Schemes and Diagrams in this Book were de- 
ſcribed by) and with that diſtance upon B, as a Centre, 
deſcribe rhe Scmicircle C A D, which is divided into 
two cqual parts or Quadrants by the Perpendiculac Line 
AB. 

Thirdly, Divide the Arch or Quadrant A R D, into 
90 equa] parts or degrees, which you may do in this man- 
ner | Take the length of the Line A B, and fet that di- 
ſtance upon the Quadrant A D, fomDtoR, fois DR 
60 deg. and A R 3o deg. Then take the diſtance A R, 
and ſet it from Dto Ss, ſo is the Quadrant divided in- 
to three equal parts, at the points Sand R, cach contain- 
ing 30 deg. This done, divide the ſeveral {paces between 
AR,RS, and S D, into 3 cqual parts, cach of which 
will be 10 deg. according as you fee the numbers (ct to 
them, theſe mult be again divided into two equal parts, 
each part containing 5 degrees, ,and every of thoſe into 
five ſmaller, as you ſee in the Figtiſe,and ſowill the whole 
(Quadrant be divided into 90.) 

Fourthly, The Quadrant A R S D being thus divided 
into 90 parts or degrees, ſet one foot of your Compailes 
in D,and open the other foot to A, and deſcribe the Arch 
AEF, touching the Line CD in F, ſo 1s the point F, up- 
on the Right Line C D, the Chordof go deg. 


Fifthly, 
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Fifthly, Open the Compailes from LD to 2c deg. and 
deſcribe the Arch 80 G H, fo. ſha!l the point H be the 
Chord of 8o deg. 


Sixthly, Open the Compaſles from D to 70, and de- 
ſcribe the Arch 70 I K, fo 1s K the Chord of 70 deg. 

\\gain, Open the Compaſles from D to R, the Radius, 
or 60 deg. and defcribe the ArchR LB, fois B the Chord 

t 65 der. equal to the Rahius. 

Do the like with $0, 4043c,20 and 10 deg. So {hall yon 
have the line D F dividted into 90 unequal parts calle 
Chords. 

In this manner may you make a Line of Chords of any 
'ength, and fet it upona Ruler, andit 12, tit for to perform 
all the uſ.s in this Book, anc it were conventent that upon 

- arid] the fame Ruler,you had three, tour, or tive Chords 
of ſeveral In ths or Ra inks, 15 1n Practice you will find 
to De necetlary and commuio.ts, 


Bing thus provided of a Line of Chord, I will now ſhew 
104 bow to work two Concluſtons Growetri cally, which are 
of abſolute uſe 11 Dial —_ the one is to find the Hour 
of the Day, and the other is to find the Azimuth of the 
Sun at any tim-, and in any place. And with them I 
fball conclude theſe Geometrical Problemcs, and Aſtro» 
nomical Elements. 


Aſtre- 
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Aſtronomical Elements. 


Or the better underſtanding of that which followeth, 
the Reader ought to be acquainted with the Princi- 
pal Circles of the Sphere. As alſo, with ſuch other Lines, and 
Points, as are deſcribed and noted upon the Material 
Sphere or Globe, in imitation of thoſe which are Imagin- 
cd to be in the Heavens. And of ſo many of theſe as are 
neceſlary for this our preſent purpoſe, I ſhall give you a 
brief account. Know therefore, that, 


DEFINITION. 


A Sphere or Globe 1s a Solid Body, containing only one 
Superficies, in whoſe middle there is a Point, from whence 
all right lines drawn to this Superficies are equal. 

The Principal Circles of which a Sphere or Globe is 
compoſed, are in number Ter, whereof Six are great, and 
Four are ſmaller Circles. 

A Great Circle 1s that which divideth the Body of the 
Globe into two equal Parts or Hemiſpheres. A Small Cir- 
cle is that which divideth the Globe into two unequal 


parts. 


The Six Great Circles are, 


2 The Meridia, 
3 The Fquinodzal, 


The Leſſer Circles are, 


1 The Tropick of Cancer, 3 The Artick Circle. 
2 The Tropick of oa ly © The Amtartick Circle. 


Of theſe in the Art of Dialling there 1s principally but 
Fiveto be taken notice of, viz. Three Great Circles, and 


two (ſmaller Circles, 
The 


\/ 1 The Horizon, c » The Zodiack, 


28 The Two Colmes. 
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The Great Circles are, 
The Horizon, 


The Meridian, 
The A:quinodial. 


\J) W 


The Leſſer Circles are, 


1 The Tropick of Cancer, 
2 The Tropick of Capricorn. 


I, Of tte HORIZON. 
In the following Figure, let the outermoſt Circle there- 
of, noted with the Letters HZON, repreſenta Sphere or 


Globe, then the Horizon is a Circle which divideth or ſc- 


7 
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" 


parateth 
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parateth the viſible part of the Heavens which we ſee, from 
the inviſit!e part which we ſee not, and is repreſented in 
the following Fraure by the Line (which repreſents a great 
Ciic'e) 1 Q Q, ſeparating the vitible Hemiſphere HZ O, 
wich we lee: from the invilible part thereof H N O, which 
VCITC NUts 


IT. org the Merivian, 


The Meridian 1s a Great Circle of the Sphere which pal- 
ſcth by the Poles of the World, and through the Zenith 
and Nadir of thc Place. To this Circle, when the Sun 
cometh, hc buiig above our Horizon, makceth Nuon or 
Mid-dav, and buring 1n the ſame Circle, when it 1s under 
the Horizon, it 1s then Mid none. 


5 


. Zz 


Fe 


5 


The Zenith is that point in the Heavens which 1s direct- 
ly over your head, in what part of the World ſoever you 
be. And, _ 

c 
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The Nadir is that point in. the Heavens which 1s under 
your feet, diredtly oppoſite to the Zenith. 
The Meridian Circle in this Figure, is notcd with the 
Letters H Z O N,:the point Z at the top repretenting the 
Zenith , and N the Nadir Points. 


II. Of the FquinoTial. 


The /iquinodial 1s a great Circle of the Sphere, divi- 
ding 1t into the Northern and Southern Hemilpheres, 
which take their namcs from the rwo Poles, that being 
called the Northern Hemiſphere, nn which the Norih Pole 
1s ſeated, and thit the Southern 1n which the South Pole 1s 
Ivated, Unto this Circle when the Sun in his Annual mo- 
tion arriveth ( which is but twice in the whole Year) the 
Days and Nights arc of equal length through the whole 
World. 

This Circle cutteth the Axis of the World at Right 
Angles, and 1s ſcated in the Heavens 9o deg.,or a Quarter 
of a Circle, diſtant trom either of the Poles. 

It is repreſented in this Figure by the Line or Circle 
A Q x. ,The two Poles are noted with P and S; P be- 
ing the North, and $ the South Pole; and fo the Hemi- 
ſphere, x Þ A, 1s the Northern, and /E S x the Soutrern 
Flemijphere. And the Right line P Q S, 1s the Axis of the 
IVorld; crotling the /Equinodial at Right Angles in Q,, 
the Centre, or anddle yount of the Sphere or Globe. 


IV. Of the two Tropicks. 


The two Tropicks are Smaller Circles of the Sphere dee 
ſcribed parallel to the A:quinoctial Circle, and at 23 deg. 
and a halt diſtant therefrom that being the great Decli- 
nation that the Sun hath from the /Kquin iu! rowards 
either of the Poles. Ot theſe Circles one is called the 
Tropick of Cancer,or Northern SN 3 the other the Tro- 


pick 
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pick of Capricorn, or Southern Tropick, ſo denominated, 
trom the Poles which they reſpect or behold. As the Tro- 
pick of Cancer, marked with the character of Cancer S S 
at eachend thereof, beholdeth P,the North Pole,and the Tro- 
pick of Capricorn, noted with the charaCters of. Capricorn, 
vy v2, at cach end thereof reſpecteth $S, the South Pole. 

Theſetwo Circles are the bounds or limits of the Suns 
courſe, tor between them he always moveth, never going 
more Northward or Southward,(that 1s, declines not near- 
erto any of the Poles) than 23 deg. 31 min. Wherefore, 
when the Sun in his annual courſe, ſhall arrive tothe Tro- 
pick of Cancer,which is about the 10th. or 11th. of June, 
he maketh the Longeſt Days to all that inhabit in the Nor- 
thern Hemiſphere. And when he arrivcth to the Tropick 
of Capricorn, which is about the 11th. of December, he ma- 


keth the Shorteſ# Days to thoſe that inhabit the Northern, 


and the Longeſt to thoſe of the Southern Hemiſphere. 
Beſides 
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Beſides theſe Circles here named, there are divers others de- 
ſcribed upon the Globe, Two ſorts whereof, are of great uſc 
in Dialling, and therefore I ſhall make them known, viz. 


Hour Circles, and Azimmths. 


Our Circles are great Circles of the Sphere, which 
H meet together in the Poles of the World, and crot; 
the Aquinoctial at Right Angles; of which the Meridian 
(or outward Circle in this Figure) is the hour Circle of 1 2, 
the ſtreight line PQ S, which repref-nts the Axis of the 
World, is allo the Hovur-circle of Six, and all the reſt of 
the Hour-ciicles are drawn from Pole to Pole between 
them, as the Circle P A S repreſents the Hour-circle of 3 
and 4 a Clock, and fo of all the reſt, which are 12 in num-. 
ber, repreſenting the 24 hours of the day and night being 
taken round the Globe or Sphere. 


Azimnths ave-alſo Great Circles of the Sphere, meeting 
together in the Zenith and Nadir points, and fall upon, or 
interſect the Horizon at right Angles; as the Hour-circles 
do the HquinoCtial. Of theſe Circles, the outermoſt 
Circle of this Figure repreſents the North and South Azi- 
muth; and the line Z Q N the Azimuth of Eaſt and Welt, 
and is commonly called the Prime Vertical Circle. And all 
other circles drawn through the Zenithand Nadir points, and 
cutting the Horizon at right Angles, are intermediate A» 
zimuths between the Eaſt and Welt, and the North or 
South Points. As 1n the Figure, the Circle Z B N is an 
intermediate Azimuth between the South and the Weſt, it 
being 40 deg. diſtant from O the South point. 

Every Circle of the Sphere hath its proper Poles, which 
are always go deg. diſtant from it i all parts, 

So 1n the former Figure Z the Zenith, and N the Nadir 
points, are the Poles of the Horizon, they being go dey. 

D 2 diſtan 
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diſtant from O the South point, from Q the Welt pan, 
= mom H the North poirt of the Horizon. 

Oo Q is the Pole of the Meridian Circle H Z O N, ; 
_ 2 yo deg. diſtant therefrom in all parts. 

Again P and $.the North and South Poles of the World, 
arc alſo the Poles of the Aquinodctial Circle, they being re- 
moved therefrom on cither fide go deg. 

But the Pole of the Hour-cucle P ASis at C, and the 
Pole of the Azimuth Circle ZBNisat D, and how to 
find theſe Poles, and alfo the Poles of any oblique Circles, 

(hall be diſcovered 1 in divers places of the following dil- 
courlc,whyre there is often occaſion for the linding of them. 


Note, And whereas throuehout this Book there is continual 
mention mate of Degrees and Minutes, know, tl.4t a De- 
gree is the 360 part of any Circle, cach of which degrees 
15 «Junge to be divided into 60 parts called Minutes. /o 

vat 45 min. is three quarters of a degree, JO nin. talf 4 
hy 'ree, and 15 min. one quarter of a de eres XC. 


Theſe are fuch Aſironomical Elements, as I conccive, 
molt pecetlary tor the underſtanding of that which follows; 

[t reſtcth now that I (hew how to perform twoor three 
Aſtronomic al Conclulons Gcomctrically, without winch the 
knowledge of ma king of a Dial will bc of little validi- 
tvs for to viiat p urpolc will a Dial ſcrve without it be 
rightly pw d? Or how can you make a Dial for any ap- 
PO) nd place, without you firſt know the poſition or li- 
euatic N thcreof? And to theſe purpoles are the follo! ying 
Conclutions ſubſcrvicnt. 


And Lecauſe it js re Ju He to know ot all times of the Fear, 
What declination the Sun hath from the HEquino@ial 
either Northward or Soutkward, [ have therefore at the 
end of this Introdudion, inſerted iwo Tables, the one 
ſhewing the Suns Declination every day in the year. And 
the other a Tavle ſhewing the Latitudes of a// the Princi- 


pal Cities and Towns in England, Scotland ard Ireland, 
PROBL. 
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PROBL. IX. 


Having the Latitude of the Place, the Altitude of the Sun, 
and the Day of the Month gizer, to f:nd the Hour of the 
Day, and Azimuth of the Sun, 


Et the Place be London, whoſe Latitude is 51 deg. 

32 min. ---- Let the Suns Altitude be 45 deg. ---- And 

let the Day of the Month be the 1 1th. of My, at which 

time, by the followiny Table, the Sums Dechination 18 
20 deg. 20 min. North. 

Firlt, Deſcribe the Circle H Z O N, repretenting the 
Meridian of the Place; ---- Croſs it at right Angles with 
the two Diam<ters HQ O, for the Horizon, and 7 (2) N 
for the Prime Tirtical Circle, or Az anibof alt and Welt. 

Secondly, Take 51 deg, 32 min. the Latitude of the 
Place, out of your Line of Chords, and ſet it from H to 
P the North, and fron O to S the South Pole; and draiv 
the line P Q'S, for the Axis of the War ldl, And becaule 
the Aquinoctial Circle ts,in all parts, d:{tant from the Poles 
of the Warld, go deg. take yo deg. of your Chord, and 
(ct them from Þ to /E, an | t from ro x, and draw the hne 

; Q x, for the Equinotthial Circle. 

Thirdly, The Sun's Altitude caven buing 45 deg. Take 
45 dup. from. your Chord, an ſet _ trom fl to A, and 
tom O.to T; and lay a Rulcr either from H to L. ar 
from O to A. and the Ruler will crots i Piame vertical 
Circle in I, through wiich point the Circle Or the Suns 
Altitude mult be drawn,and tor the drawing of 1t,vou have 
three points, A, L and 7 where fore by the 6th. Probleme 
betorepoing you may tind its centre, which will always 
be in the Prime Vertical Circle 7 QN, extondeuil. 

Fourthly, The Suns Declination for the day propole.l, 
viz. the 11th, of May) being 20 deg. 20 min. North- 
ward, therctore take 20 deg. 20 min. out of your hne oft 
Chords 
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Chords, and ſet them from X to C, and from z to D, to- 
wards P the North Pole, becauſe the Declination was North, 
otherwiſe it ſhould have been fot towards $ the South 
Pole. ---- Then Jaying a Ruler either from A to D, or 
from x to C,it will in both caſes cut the Axis of the World 
in E, through which point the Parallel of the Suns de- 
clination for that day muſt be deſcribed, and for the 
drawivg of it, you have three Points D, E and C, whoſe 

entre will always be in the Axis of the World $ Q P 
extended, and may be found by the former Sixth Pro- 
blemc. 

Fifthly, Obſerve in your Scheme, where the Parallcl of 
Altitude ALT, and the Parallel of Declination D E C, 
do croſs cach other. which will be at the point ©, and 
that 1s the place of the Sun at the time of the Queſtion. 


N 


Sixthly,By the forementioned 674. Probl. draw an Hour- 
circlc 


(23) 
circle through the three points P © and S, whoſe centre 
will always be in the Xquinottial line extended, it need 
bez alſo, through the Points Z © and N, draw an Azt1- 
muth Circle, whoſe centre will always be in the Howizon 
extended when need requires. 

Theſe two: Circles bing thus drawn, your Scheme 1s 
prepared for the finding both of the Hour and Azimuth in 
this manner. | 

I. For the HOUR. 


Lay a Ruler to P, the Pole cf the World, and G the 
point where the Hour-circle croſſeth the Aquinoctial, and 
the Ruler will cut the Circle in a. So the diſtance from 4 
to At being meaſured upon the line of Choids, will be 
found to contain 41 deg. 483 min. which is the Hour of the 
day, counted from Noon, which reduced into Time (by 
allowing 15 deg. to an hour, and 4 deg. to one minute of 
time) will be two hours, 47 minutes, that is, either 47 
minutes after 2 in the After-noon, or 13 minutes atter © 
in the Fore-noon. 


Il. For. the AZIMOTH. 


Lay a Ruler toZ the Zenith, and to B the point where 
the Azimuth Circle crofleth the Horizon, and the Ruler 
will cut the Meridian Circle in the point b, ſo the diſtance 
b O, being meaſured upon the Line of Chords, will be 
found to contain 62 deg. 8 minutes. And ſuch is the Suns 
Azimuth from the South part of the Meridian. ---- Or the 
diſtance N 6b, being mealured upon the Chords, will be 
found to contain 27 deg. 52 min. which is the Suns di- 
ſtance or Azimuth, from either Eaſt or Weſt, according to 
the time of the day, | 


Thus by one and the ſame Projection of the Sphere, 
you have found both the Howr and the Azimuth,an«! 
may 
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many other Concluſjons Aſtronomical might be wrought 
by this way of Projcction, which I have more fully 
({hewed 1n my Geometrical Exerciſes, now lately pub- 
Ihed. But ſeeing that the Azimmthis of ſuch frequent 
ul: in Dialling, that nothing can be done to PUr- 
pole without 1t, and that in this way of Projection, 
tomctimes the centres of the Circles will be very re- 
mote, I will here ihew you another Geometrical way, 
whereby you may hind the Azimuth at any time, and 
11 any place, by ſtreight Lines, which will be ſome light 
and cale to the Practitioner, that ſo he may com- 
pare one Way with the other in caſe of any doubt, 
which will be a good confirmation of his Work. 


Another way to find the Azimuth. 


Et the given Latitude be 51 deg. 32 min, 
'B The Declination North, 20 deg. 

The Suns Altitude 12 deg, 

And let the Suns Azimuth be required. 

Firlt, Upon the centre Q,, deſcribe the Senn-circleH Z O 
for half the Meridian, and upon Q , raiſc the Perpendicu- 
lar Q Z, fois Zr he £enith, 


E4 RE 
/ | DJ 
= 9%. 


[1A 
WG BY _- _ \ 
25 _—_ 


L 
- 


T 
Secondly, Set (by help of your Line of Chords) 51 deg. 
32 min. the Latitude of the place, trom £ to &, and draw 
/t, Q for the A:quinoctial, 
Thirdly. 
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Thirdly, Set 20 deg. the Suns Declination, from AX to- 
wards Z, to the Point D, (being it 1s North) and draw 
the Line D T parallel o AQ, fois D BT the Parallel 
of the Suns Declination. 

Fourthly, Sct 12 deg. the Suns Altitude given, from O 
to L, and from H to M, and draw tlit Lie ML, fo: the 
ParUllel of Altitude. 

Fifthly, Take in your Compaſlles, halt the length of the 
Parallel of Altitude S i., or $ M, and with that diſtance 
upon Q,, deſcribe the innermoſt Semicircle A CG. < 

Sixthly, From the point B, which 1s where the Parallel 
of Declination, and the Parallel of A'titude do interſeft, 
eret the Perpendicular B C, till it touch the innermoſt 
Semicircle. 

Laſtly, Lay a Ruler from Q to C, and it will cut the 
outermoſt Curcle io E, fo (hill H E meatured upon the 
Line of Chords, be 72 deg. 52 min. the Suns Azimuth 
from the Noith part of the Meridian. 

E Z (hall be 17 deg. 8 min. the Azimuth from Ealt or 
Weſt. And, 

EO ſhall be 107 deg. 8 min. the Azimuth from the 
South part of the Meridian. 


Having made this fair Preparative, I will here inſert the two 
fore-mentioned neceſſary Tables of the Suns Declination, 
and Latitudes of Places ; and then proceed to the Art of 

Dialling, the thing chiefl ly 1 this place intended. 
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A Table of the Suns Declination. 


JanuaryſFebruas.| m— | A May | Jone 
(1, m1.Qd., ml. mi1.1d. 
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$38 © 
B35; 
4| 21 42 
FEST $3 
6121 22 
121 I 2 
24 | 
9|20 51 
Io|20 45 
It | 20 28 
12| 20 16 
1120 4&4 
14| 19 51 
15} 19 38 
16| 19 25 
I7| 19 12 
13] 18 58 
19] 18 43 
20| 18 29 
21 [18 14] 
as 1 8/7 YY9 
25 | L/ 44 
24117 20 
25] 17 12 
26 16 56 
27 | 16 39 
28 | 16 22 
29|16 6 
30 | 15 49 
31 | 15 30 
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A Table of the Suns De, lIInation. 


fl Augutt the] Sept. 
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$— 


Octob. 
mi. | d. mi 
368 7 
4 *;: 7 Jo 
3 38 8 © 
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2 37 | 13 2 | 
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2-24 1 di. 20 
3 /| I4+ 41 
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7 40123 91 
7 67 29 29 
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W 4432215 
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9 2423 -1 

I 27 | 23, 3 

9 41123 3 

19 55123 3 

29 3 
20 20123 2X 
20 3&1] 23 29 
20 45 23 27 
20 53[23 25 
21 9 | 23 22 
22 307139 -29 
232 281-232 Is 
23: 20739 nf 
21 50| 23 7| 
$5 ai -2 
22 9|2& 57 
22 922 uh 
22 i5022 44 
22 33122 37 
22 40] 22 ZJoO| 
22 <60;223 28 
23 - $2122 24 
22 58 | 22 5 
33 4:20 
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A TABLE of the Names and Latitudes 
of the Pincipal Ciries, Towns and lands 


in and about Great Brittain and Ircland. 


Enzland. 
Edford 
Barwick 

Birftiol 
Fckingham 
Cambridge 
Cantcrbury 
Carliſle 
Chicheſter 
Cheſter 
Colcheſter 
Derby 
Dorcheſter 
Durham 
Exccſter 
Gilford 
Gloucclter 
Hartford 
Hereford 
Hungzngton 
Ipſwich 
Kendal 
Lancaſter 
Leiccſter 
Lincoln 
London 
Northampton 
Norwich 
Nottingbam 
Oxford 


D. 
5 2 
55 
5 1 
52 
52 
ll 
33 
© 
35 
gi 
52 
SO 
54+ 
50 


M. | [-nelard. 
8 Reading 
54| Sal:{bury 
27 | Shrew bury 
ol Statto1d 
[2 | Ctamford 
17] Irucro 
o) Warwick 
48| Wincheſter 
15] Worcecltcr 


53 York. 
53 
40 
50 IWales. 
3 Neglefcy 
12] Barmonth 


53| Brecknock 
49| Cardigan 
7 | Caimarthen 
19) C,rmrvan 
s | nbigh 
22 (Flint 
10, Landaft 
40| Monmouth 
14| Montgomery 
32| Pembroke 
14] Raunor 
41|S!, David. 


© 


461 


[D. 
51 
51 
G2 
52 
52 
50 
52 
51 
52 
35 


M. 


Wands. 

mms 
Jerſey 

Limdy 

Man 


Portland 
Wight 


— — 


Scotland. 


_— 


Berdcan 

Dunblain 
Dunkcl 
Edcnburgh 
Glaſcow 
Kinlaile 
Orkney 
St. Andrews 
Skyraſlin 
Sterling. 


» on Ireland. 
49 +30] A Ntrm 
49 12 Arglas 
51 22|Armah 
54 24] Caterlagh 
oO 3o| Clare 
50 39] Corke 
__ | Droghedagh 
D:1blin 
D. M.| Dundalke 
57 32| Galloway 
56 21| Youhall 
56 489] Kenny 
55 56] Kildare 
55 52] Kings Town 
57 44| Knocktergus 
co 6] Kynſale 
56 39| Lymerick 
59 36| Queens Town 
56 12| Waterford 


Wexford 


The End of the IntroduFion. 
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DIALLING 


Geometrically pertormed , 


By Proje&ting of the Circles of the Sphere 
upon the Plain it (elf. 


The Firſt Part. 
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Of the ſeveral ſorts of Plains upon which DI ALS are 
uſually made. 


I ALS may be made upon any plain Superfi- 
] cies, and all plain Superticies are poſited in one 

or other of theſe three poſitions, viz. either 

Parallel, Perpendicular, or Oblique to the Hori- 
zon Of the Place wherein the Plain is ſeated, and all the 
Hour-lines drawn upon any Plain, are great Circles of the 
Sphere, which being projected upon a plain Superhicies, 
become {trait Lines. 
Now 


— 


The Art of Dialling. IT 


Now the Art of Dialling conſfiſteth chiefly in the finding 
out of theſe Lines, and their true diſtances each from other, 
the which do continually vary, according as the Plains up- 
on which they are deſcribed or projected, ate ſcituated in 
reſpeCt of the Horizon of the place. 


"I. Parallel to the Horizon , as is Horizontal the 
which I call Pertical) Plain only. 


Nerth & South 
2. Perpendicular *whichC Dirc& 
| tothe Horizon,' be 


; AS 
and ſuch arc all, either 0648 & Weſt. 


"ca erect Plains: J Or Declining. 
there are Nurs 
a orgy | " Direct South Reclining 
; * | 3. Reclining] F.af [nc lining 
wp from the TH, 
Zenith, or ! and thele | 
| Inchining arc cithcr | Or 
tothe Ho- Reclming 
YI/L08B. DH Declining? 
| Tnclining 


Now in the making of particular Dials, which are in 
number 25, I reduce them to 17, by ſupplying the Ircl:- 
ning Plains from their oppolite Recliners, as being indced 
the fame. 

And to avoid miltakes, which may poſlibly ariſe by com- 
paring my Examples with other Authors, or others with mine, 
You arc to take notice, that I denominate all my Plains trum 
the ſight (or the Politions) of their Axis in the Heavens, 
and not from the Circles of the Sphere in which they lic. 
Therefore take notice, That 


Tint 
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1-5rizonrali? Vertical "1 Koig or Zenich Point 


"-x+1; 
Vertical No! North 
Sou '"! þ Diredt Becauſe La , 7 £olnts of the Horizon 


: Ir 
= I Meridiin Ha ] 
as ”" . ICH at : F. Ti; wy þ 4 E uf} \ L 
4 lf L » 
| Ss Welt, > Dirct >, S\ "'y > Points of the Horizon 


QO 1; 
( EquinoRtial | In > Þz 
; Polar Poles of the World, 
C 


CL EquinoGRial & Equirotizal Circle. 


Again, 

All leaning Plains whether D1:c(t or Dcclining, whoſe up- 
per Faces bchoid the Zevith, T call Recliners, and thencther, 
or under Faces of them, which reſpect, or look down to the 
Nadir, 1 call Incliners, 


This diſtinction buing made, the Plains of all which 
Examplcs toilowing arc thus denominated. 


. Vertical or Horizontal. 
Y ith arid North Diic&. 


[ 
2. Eajt and Veſt Direct. 


Faſt 
. South and North, declining? Or, 
Weſt 
Reclining 
5. Faſt and Weſt Dircctg Or, 
luclinine. 
6. EquinoTial, Or South Reclining or Inclining to the Pole. 
7; CSouth direct Reclining or IncliningſeB 2 than the Pole. 
9. Polar, Or North Reclining or Incliningto Fi EquinoGial. 
"I North dirett Recliningor Inclining $1" $1097 7" _ 


more { odial. 


12. EquinoGial, Or South Declining Eaſt or Weſt Reclining to 
the Pole. 13. South 
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! 4 wr” declining Eaſt or Weſt above} ,. Pole. 


Reclining or Inclining under ; 
15. Polar or North declining Eaſt or Weſt, Reclining or 
Inclining to the Equator: 


; "PE declining Eaſt or gy BY Interſection 


Reclining or Inclinin of the Meridian 
I7. , S 5 under Jand Equator. 


Thus are the ſeveral Plains denominated, I ſhall now 
ſhew how the Situation of any Plain may be attained, ei- 
ther in reſpect of its Declination or Reclination. 


658 PUTS £0". [6 
How to find the Reclination and Declination of any Plain. 


I. For the Reclination. 
He Reclination of a Plain, 1s the Arch of that Vertical 
Circle or Azimmth, which is perpendicular to the 
Reclinine Plain, or that Azimuth, 1n which the Pole of 
the Reclinine Plain lieth, comprehended between the Ze- 
#ith of the place, and the Reclining Plain. 


Tofnd which, 
lect ABCD be a 
Reclining Plain, 
draw fir(t there- 
on by help of a 
Rukr and Qua- 
drant, a lineG H 
parallel to the 
Horizon of the 
place, which ſhall 
be the Horizon 
tal Line of the 
Plain, and croſs 
it at right Angles 
with another 
right line K S, 
for the Vertical 
Line 
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Line of the Plain ; to this Vertical Line K S, apply a ſtreight 
Ruler K 1, andto that end of it, which lieth clear of the 
Plain as I, apply a Quadrant as O L 1; having a thread and 
plummet hanging from the Centre at I, then ſee whatnum- 
ber of degrees of the Quadrant are contained between O * 
and L, for ſo much doth the Plain Recline from the Zenith. 


I I. For the Declination, 


The Declination of a Plain, is an Arch of the Horizox 
comprehended between the Pole of the Plain, and the Me- 
ridian of the Place. Or it is the ciſtance of the Plain it 
ſelf, from the prime Vertical Circle, or Azimuth of Eaſt and 
Weſt. 

To find out the Declination of any Plain, there are re- 
quired two Obſervations to be made by the Sun at the 
ſame inſtant of time. The firſt of the Horizontal diſtance 
of the Sun from the Pole of the Plain, and Secondly, Of 
the Suns Altitude. 

1. To find the Suns Horizontal diſtance from the Pole of 
the Plain. Apply one edge of a Quadrant to the Hort- 
zontal line of your Plain, ſo that the other may be per- 
pendicular to it, and the limb of the Quadrant may be to- 
wards the Sun, and hold the whole Quadrant Horizontal 
(as near as you can conjeuie.) Then holding up a thread 
and plummet at full hberty, fo that the ſhadow of the 
thread may paſs both. through the Centre and Limb of 
the Quadrant, obſerve then the degrees cut by the ſhadow 
of the Thread, and number them from that fide of the 
Quadrant that ſtandeth ſquare or perpendicular to the 
Plain: For thoſe degrees are the Horizontal diſtance requi- 
red, 


2. This Horizontal diflance-and the Suns Altitude being 
obſerved at the ſame time (as near as may be) will help 
you to the Plains Declination by the Rules following. 

Firlt, By having the Altitude, you may find the Azi- 

wuth, 
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»uth by the two laſt Problemes of the IntroduFion. Then 
by comparing the Azimuth and this Diſtance together, you 
may tind the Plains Declination in this manner. 

When you make your Obſervations of the Snns Hori- 
zontal diſtance, mark whether the ſhadow ot the thread 
fall between the South, and that fide of the Quadrant 
which 1s perpendicular to the plain. | 

1. If the ſhadow fall between them, the Azimrmth and 
Diſtance added together, do make the Declinatien of the 
Plain, and in this caſe the Declination 1$ upon the ſame coaſt 
whereon the Suns Azimuth is. 

2. If the ſhadow fill not between them, then the diffe- 
rence between the diſtance and Azimuth 1s the Plains de- 
clination 3 and if the Azimuth be the greater of the two, 
then the Plain declines to the fame Coaſt whereon the 
* Sun 15; but if the diſtance be the greater, thenthe Plain de- 
- clines to the contrary Coalt. | 

And here note, that the Declination thus found is al- 
way's accounted from the Soxth, and that all Declinations 
are counted from either South or North,towards either Eaſt 
or Weſt, and muſt never exceed go degrees. 

1. It therefore the degrees of declination do exceed go, 
you mult take the reſidue of that number to 180, and that 
ſhall be the Plains declination from the North. 

2. If the degrees of declination exceed 180, then the ex- 
ceſs above 180 degr. gives the Plains declination from the 
North towards that Coaſt, which is contrary to the Coaſt 
whereon the Sun is. 
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I. Of the Vertical Dialling. 


CHAP. IIL 


How to draw the Honr-lines upon « Vertical (commonly called 
Horizontal) Plain. 


Call this Plain Vertical, becauſe the Pole thereof is in the 

Zenith or Vertex of the Place, although the Plain it (etf 
lie in the Plain of the Horizontal Circle. And I not only de- 
nominate this, but all the other Plains following, by that 
part of the Sphere in which the Poles and not the Plains 
themſelves lie. But howſoever the Plain be termed, whe- 
ther Vertical or Horizontal, the making of the Dial is ſtill 
the ſame : And may be made in any known Latitude by 
the precepts following. 


| Example, Of « Vertical or Horizontal Plain in the Lati- 
tude of London, which is 51 deg. 32 min. 


Firſt, Draw a Circle E S W N, which Circle let repre- 
ſent your Vertical Plain, croſs it in the middle thereof at 
right Angles with the two Diameters, viz. S Q N, for the 
Meridian, and Hour-line of 12, and E Q W for the Prime 
Fertical or Hour-line of 6. 

Secondly, Becauſe the Latitude of the place is 51 deg, 
32 min. take 51 deg. 32.min.,out of your Line of Chords, 
and ſet that diſtance from $ to a, and from W to b. 

Thirdly, Lay a Ruler from E to a, and it will cut the 
Meridian Line $ N, in the point P, which point P is the 
Pole of the World : And a Rulcr laid from E tob, will cut 
the Meridian in the point /E, fo is A the point where the 
Aquinottial crofleth the Meridian 3 and thus have you 
thrce points, viz, E, A, and W, through which you _ 

ITaw 


F 
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A Vertical or Horizontal Dial for the Latitude of 
London, 51 deg. 32 min. 


—— 7 7 
[ \ 
£ 
» 
$ 
| 
[ 
t 
- 
- 
> draw the quinoQtial Circle E A W, whole centre w:ll 
always be in the Meridian Line SN. So that you may ca- 
a fily find it, as hath been before taught, and in this man- 
y ner alſo. Draw the Lire A W, which divide in two equal 
t . f . "a7 . FA . 
parts in the point A, upon which point A, raiſe the per- 
- pendicular A C, cutting the Meridian $ N, in the point C, 
, which is the centre of the Aquinottial Circle E EW, up- 
v on which point, and the diſtance C /E, you may deſcribe it. 


Fourthly, 
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Fourthly, Divide the Semicircle E N W, into 12 equal 
parts at t!:© points © © ©. beginnngat the point N,and 
{ctti,7 {x on either fide thereof. Ihe Semicircle may ea- 
ſily be {vided into 12 parts in this manner ; for 60 deg. 
of the Line of Chords will divide it intothree £qual parts, 
and 30 deg. will divide each of them into two, that 1s, in- 
to 6 equal parts, and 15 deg, is the halt thereof, which is 
a twcitth part of the Scmicircle. 

Fifthly, Lay a Ruler to Q , the centre of the Plain, and 
upon cvery of theſe points © © ©, and the Ruler will 
cut.the /EquinoCtial E A; W, 1n the points * * *, &c. di- 
viding that into 12 unequal parts. 

Sixthly, A Ruler laid to P, the Pole of the World and 
the ſeveral points * * *, &c, upon the A:.quinoctial, will 
cut the Circle repreſcnting the plain 1n the points | | |, &c. 
dividing the Semicircle E N W, into 12 other unequal 

arts. 

Laſtly, From the point Q, and through the {everal 
points || |, &c. draw ſtraight Lines, as Q | 7,Q [8,Q ]g9,&c, 
they ſhall all be the true Hour-lines for ſuch a Vertical or 
Horizontal Plain. Namely, for twelve of them, that is, from 
Six in the Morning, till Sill Six at Night. 

But for the Hours before, and after Six, that is, for 4. 
and 5 in the Morning, and for 7 and 8 at Night, they are 
to be drawn by extending the Hour-line of 7 and 8 in the 
Morning through the centre Q ,, and drawing them on the 
other ſide of the Plain, ſo ſhall they be the Hours of 7 and 
8 at Night: Alſo the Hour-linesof 4 and 5 in the Eve- 
ning, being drawn through the centre Q_, will become the 
Hour-lines of 4 and 5 in the Morning. 

For the Stile of this Dial, take 51 deg. 32 min. the La- 
titude of your place, out of your Line of Chords, and ſet 
them from N to e, upon the Circle of the Plain, fo ſhall a 
Line drawn from Q through e, be the Axis or Stile of the 
Dial, which may)be a thin plate of Braſs, cut exatly to 
the quantity/of the Angle e Q N. 51 deg, 32 min. and ſet 
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perpendicularly upon the Line of 12, or the Meridian 
S QN, and thus is your Dial finiſhed. 

It into this, or any of the fallowing Dials, you have a 
deſire to inſert the Half Hours and Quarters, you may put 
them in by thevery ſame means,as youdid the who'e Hours, 
but then you mult divide the Spaces between every of the 
points ©© into twoequal parts for the Half, and into 4 e- 
qual parts for the Quarters of Hours, and proceed with 
putting on of them in all reſpects as you did with the whole 
Hours. 


CE re emm—_— 


IT. Of Opright or Eref Pliins, 


CHAP.IV. 


Hoſe Plains are faid to be EreZ or Uprieht, which 

ſtand perpendicular to the Horizon of the place, 
whoſe Vertex or upper part tendeth to the Zenith, and 
their lower part to the Nadir, and fuch ars the Walls of 
Stceples, Churches, Houſes, or the like, againſt which (for 
the molt part) Dials are made. 

Of theſe Upright or Ere@ Plains there are two forts, viz. 
Dire# and Declining. 

Thoſe Erc& or Upright Plains arc ſaid to be Direc, 
which do directly behold either the true Eaſt, Welt, North, 
or South points of the Horizon, or whoſe Poles do lie di- 
rectly 1n cither of them, and thete Plains are called Erec# 
Dire Plains, 

Thoſe Erei or Upright Plains are ſaid to decline, which 
do not lie 1n, or directly bchold any of theſe: points, but 
are ſituate under ſome other Azimnth, as South-Eaſt, North- 
Weſt, North-Eaſt, &c. and theſe Plains are called Ere& or 
Opright Declining Plains. Of both which forts I ſhall give 
you Examples. And p 

I. Of 
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I. Of Upright, or Ere& Dire& Plains. 


CHAP.V. 


How to draw the Hour-lines upon a Dire&t South Plain. 


Hat Plain is called, by me, a Dire& South Plain, which 

K "iathin the prime Vertical Circle, or Eaſt and Weſt 

Aim, ard whoſe Pole is mm the South part of the Meri- 

dian, the making whereof differeth nothing from that go- 

ing bctore. Only tor the height of the Stile, inſtead of the 
Latitude you mult take the Complement thereof. 


F:xample, Of a Dire& South Plain, i» the Latitude 
of London, 51 deg. 32 min. 


Firſt, Draw a Circle Z E W N, repreſenting an upright 
Direct South Plain, croſs it at right Angles with the Dia- 
meters Z Q N for the Meridian, or Hour-line of 12, and 
WO E forthe prime Vertical Circle, or Hour-line of Six. 

Secondly, Out of your Line of Chords take 38 deg. 28 
min. (which is the complement of the Latitude of the place) 
and ſet that diſtance upon the Dial-plain, from Z to a, and 
from E to b, and from N to e. 

Thirdly, Lay a Ruler from W toa, it will cut the Meri- 
dian Z N, in the point P, the Pole of the World; anda Ruler 
alſo laid from W to b will cut the Meridian in A, fo is /£ 
the point through which the Aquinoctial muſt paſs; and 
for the drawing of it you have three points given, viz. 
}:, A, and W, and the Centre will alwayes be in the Me- 
xidian Line Z N, (extended if need be.) The Centre you 
may find by the Geometrical way taught at the begin- 
{1111;; of the Bouk. Or thus, draw the Line E &, anddivide 


It 
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An EreF Dire&® South Plain. 


3 

) | 

1 ls 

6 | 

r 

E 9 | S 

d — — 

n One | noms — 2 

RE it in two _ parts in A, upon A erect the perpendicular 
u AC, extending itrill that and the Meridian Line concur in 
n- G, ſo is G thecentre of the Xquinottial Circle w # W. 


le G x vuthly, 
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Fourthly, Divide the Semicrcle EN W into 12 equal 
parts, at the points © © ©, @e. 

Fifthly, lay a Ruler to Q, and each of theſe points 
© © ©, and the Ruler will croſs the Aquinoctial Circle 
in the points * * *, &4-c. dividing that into 12 unequal 

arts. 

Sixthly, Lay a Ruler to P, ( the Pole of the World) 
and cvery of the marks ***, &c. and the Ruler will 
croſs the circle of the Plain in the points | ] ], &c. 

Laſtly, If through the Centre Q, and the reſpective 
points | | |, &c. You draw Right Lines, they ſhall be the 
true Hour Lines of an Erc# Dire@& South Plain. 

For the Stile, take 33 deg. 28 min. the complement of 
the Latitude of your Place, out of the Line of Chords, 
and ſet them from N to e, .drawing the Line Q e for the 
Axis of the Stite, which muſt hang direCtly over the Me- 
ridian, or Hout-hne of 12, and muſt point downwards 
towards the Soath..Pote; becauſe the Plain beholds the 
South parrot the Meridian. 

in making this Dial you have made two Dials, for the 
Eret Dire North. Dial is but the-back-ſide of the South, 
it lying in the fame Prime Vertical Circle, only as this be- 
holdeth the South part'of the Meridian,and hath the South 
Pole elevated above 'it, the other beholdeth the North 
part of the Meridian, and hath the North Pole elevated 
above it, and as the Meridian Line Z Q N in the South 
Dial repreſentcth the 12 a Clock Hour-line at Noon, the 
back-fide thereof (namely the North fide) repreſenteth 
the Hour-line of 12 at Midnight, and therefore is not ex- 
preſſed, neither the Hour-lines of 9, 10, 11 at Night, or 
of 1, 2,3 in the Morning, the Sun tousnever being above 
the Horizon at thoſe Hours : wherefore the North Dial is 
only capable of receiving theſe Hours, namely, 4, 5, 6, 7 
and 8 in the Morning, and of 4, 5, 6, 7, and 8 at Nighr, 
and (in this Latitude) not of all them neither 3, for 3t will 
never ſhine upon this Plain at 8 in the Morning, nor at 

A 1h 
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An Ere# Dire North Plain. 


( 

, ain the Afternoon, but it is beſt to put them on, as in 
- the Figure above, that thereby you may know how much 
h it is palt 7 in the Morning, and how much it wants of 5 in 
h the Afternoon. 

d uo” 

. - 

e CHAP. VI. 

h 

How to draw the Honr-lines upon an EreQ, Direct, Eaſt, 

r or Welt Plain. 

E | 

S [ Call that an Eaſt or IWeſt Plair, which lies in the Me- 
- ridian of the place, and whoſe Poles lie in the prime 
" Vertical Circle, or Azimuth of Eaſt or Weſt. 

11 Now foraſmuch as the Plain lieth in the very Meridian 
t Circle, in which alſo the two Poles of the World are 
n G 2 ſeated, 
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ſeated, the Plain muſt neceſlarily paſs through both theſe 
Poles,and ſo neither of them can have any Elevation above 
it ; wherefore the Hour-lines in theſe Dials muſt be paral- 
lel to one another, and conſequently parallel to the Axis 
of the World. And the Dial muſt have no Centre: How- 
ever the Dial may be drawn as followeth. 


Example, Of an Eaſt Dire& Dial, in the Latitude 
of London 51 deg. 32 min. 


Let A BCD, be a Dial plain, upon which you would 
draw a Dire& Eaſt Dial, upon the point D, if it be an Eaſt 
D1al; or upon the point C, if it be a Welt Dial; with the 


An EreF, DireF, Eaſt Dial. 


8 AXIS: Ez E IL _ 


——— __ 


Radius (or 60 deg. ) of your Linc of Chords, deſcribe an 


obſcure Arch of a Circle E F, then from your Chord take 
38 deg. 


ſe 
Ee 
= 
15 
" 


Id 
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33 deg. 28 m.the Complement of the latitude of the place, 
(which is alſo the hEight or elevation of the XquinoGtial ) 
and ſet them from E to F, and draw the line DF quite 
through the Plain. Then, that you may proportion your 
ſtile to your Plain, ſo that you may bring on all the hours 
from Sun Riling to 11 a Clock, atlume two points in the 
Line F D, one towards the end D (as the point G) for the 
Hour-line of 11, and another at H, for the Hour-line of 6, 
and through the points G and H, draw the lines 11 G 11, 
and 6 H6, perpendicular to the A:quinoctial Line D F. 
This done, upon the point G, with 60 deg. of the Line 
of Chords, deſcribe an obſcure Arch of a Circle I K, and 
ſet thereon 15 deg. of your Line of Chords from I to K, 
and draw the Line G K,to cut the Line 6 H 6 in the point L. 
ſo ſhall L H be the height of the perpendicular ſtile pro- 
portioned to this Plain. 

Now for the drawing of the Hour-lines, fet one foot of 
the Compaſles (opened to 60 deg. of the Chord) in L,and 
with the other deſcribe the Arch of a Ci:cl2 MN, betwixt 
the Hour-line of 6, and the Line G L. Whith divide into 
5 equal parts in the points © © © © ©,and a Rulerlaid 
from the point L to each of theſe points © © ©, eve. will 
cut the Aquinoctial Line H D, in the points * ** * © 
through which points draw hnes parallel to 6 H 6, as the 
Lines 7 * 7, 8 * 8, &c. and they thall be the true Hour- 
lines of an Eaſt Plain from 6 in the Morning, till 11 be- 
fore noon, but for the Hours of 4 and 5 in the Morning, 
you may put them on by letting the ſame diltances upon 
the Aquinottial Line before 6, as there 1s from 6 to 7 and 
8, alter 5 ; and through thoſe points draw the Hour-lines 
of 4 and 5, parallel to the Hour of 6, as you ſee done in 
the F10ure. 

Thus is your Dial finiſhed, and inthe making of it you 
have made two Dials, namely a Weſt Dial as well as ax 
Eaſt, for it is the ſame in all reſpetts. Only whereas the 
Arch E F, through which the AZquinoctial paſkth in = 
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Ea't Dial, was dcawn on the right hand of the Plain, in 
the Welt it muit be drawn on the left hand,and the Hour- 
lines of 4, 5, 6, 7, 8, 9, 10, and 11, in the Forenoon on 
the Ealt Dial, muſt be 8, 7, 6, 5, 4, 3, 2 and 1 in the Af- 
ternoon, upon the Welt Dial, as 1n the Figure appeareth, 


An Ere#, Dire, Weſt Dial. 


. 


The Stile of the Eaſt or Welt Dials, may be either a 
ſtrait Pin of the juſt length of the Line H O, which is 
equal to H L in the Eaſt Dial, fixed in the point H, upon 
the Hour-line of 6, and exaaly perpendicular to the Plain, 
ſhewing the Hours by the ſhadow of the Apex, or very 
top thcreot. 

Or, it may be a Plate of Braſs of the ſame breadth with 
the diſtance between the Hour-lines of 6 and 3, which 
Plate muſt be ſet perpendicular upon the Hour-line of Six, 
and ſoit will ſhew the Hour by the ſhadow of the upper 
edge thercof, as in this Welt Dial. 

Theſe five Dials here deſcribed, viz. the Vertical, the 
South, North, Eaſt, and Weſt Erect, DireCt, may be made up- 
on aſtone cut ſquarein farmof a Dje, which Body is called 
a Cube. Il. Of 
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I I. Of Upright Declining Plains. 


CHAP. VII. 


+7 


How to draw the Hour-lines upon 4 South or North Ere& 
Plain, Declining either Eaſt or Welt. 


He Upright or Erect Plains, that we have hitherto 
treated of, are ſuch as gd direaly behold the four 
Cardinal or Principal Poines ofthe Horizon; namely, the 
Eaſt, Weſt, North and South Points. All other Upright 
Plains are ſaid to declize, and their Declination is counted 
from the Eaſt or Welt, towards either North or South,and 
theſe Plains are called South or North Erect Plains decli- 
ning Eaſt or Weſt. 
Before the Hour-lines can be drawn upon any of theſe 
Plains, two things muſt be given, and three other things 
mult be found — — | 


The Things given muſt be, 


1. The Latitude of the Place. 
2. The Declination of the Plain. 


The Things required are, 


. The height of the Pole (or Stile) above the Plain. 

. The diſtance of the S»ſtile trom the Meridian, or 12 
a Clock Hour-line. 

. The Plains Difference of Longitude. 


hk wa 


\J9 


For the finding of theſe, we mult project upon the 
Plain ſuch Circles of the Sphere (in their true politions ) 
as are requiſite for the finding of them, and thoſe Circles 
are, the Horizon, the Meridian, and the /EquinoGial: 
which I ſhall ſhew how to performby giving an 


Example 
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Example of a South Erect Plain,declining Weſtward 24. deg, 
20 min. in the Latitude of London 51 deg. 32 min. 


d. 2. 

"PE Latitude of the Place vs 32 

"*LDeclination South Welt 24 20 
Diſtance of the Subſtile from the Merid. 18 8 
Quaſſtagh cight of the Pole(or StileJabove the Plain 34 33 
Plainsdifference of Longitude 30 09 


To find which, 


Firſt, Deſcribe the Circle Z H N O, repreſenting the 
declining Plain, croſs it at right Angles, with the two 
Liameters ZQ N, and H Q ©, the point Z repreſenting 
the Zenith, and N the Nadir, and the line Z Q N, the 
Vertical or perpendicular-line of the Plain (and Hour-line 
of 12 ) and the Lime HQ O, is the Horizomtal Line 
thereof. | 

Secondly, Becauſe the Plain declines 24 deg. 20 min. 
from the South Weſtward, ſet 24 deg. 20 min. fromN to a, 
and from O to c. Then lay a Ruler from Z to a, and it 
will! cut the Horizontal Line HQ Oins, fo is S the 
South point of the Horizon, through which the Mer- 
dian muſt be drawn, and for the drawing of it you 
have three points, wiz. Z $ and N, and the Centre will 
always be in the Horizontal Line H Q_O, extended if 
need be. Which Centre may be found Geometrically , 
as is formerly taught, or thus : Draw the right Line 
Z S, which divide in two equal parts in O, md upon O 
erect the Perpendicular O G, extending it, till that and 
the Horrzontal Line do interſect ; for the point of inter- 
ſeft1on ſhall be the Centre of the Meridian, Then lay a 
 RulerfromZ toc, and it will cut the Horizox in W, the 

Welt point thereof, "y 
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| An Upright Plain Declining from the South Weſt- 
ward 24 deg. 20 min. 
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Thirdly, Having drawn the Meridian and the Horizoy, 
take 51 deg. 32 min. out of your Line of Chords, and ſet 
them upon your Plain, from H to B, and from N to 4d. 

Fourtkly, Lay a Ruler upon W, the Weſt point of the 
Horizon, (which is alſo the Pole of the Meridian) to b, 
and it will cut the Meridian in the point P, ſo ſhall Þ be 
the Pole of the World, through which point P, and Q (the 
Pole of the Plain) draw the ſtraight Line BPQ D, repre- 
ſenting the Axzs of the World, and the Subſtilar Line of 
the Dial. 

Fifibl;z, Lay a Ruler from W to d, andit will croſs the 
Meridian 1n the point Z, fo is one point in the Meri- 
dian, through which the EquinoCtial mult paſs : And the 
point W in the Horizon 1s another. So have you two points 
within the Circle, by. which to draw the Aquinottial 
which you may do Geometrically, as is before taught. Or 
you may find it thus, the Centre of the Aquinoctial will 
alwaysÞ« in the Axis of the World, and therefore in the 
Line BPQD. Now to find the pomt, draw the Line AX 
W, which divide in two equal parts in the point », upon # 
erect a perpendicular, till.zt cut the Axis of the World,ex- 
tended in wv. So is »: the Centre of the AquinoGtial, up- 
on whuch point you may deſcribe it. And thus have you 
drawn upon-your Plain all the three Circles required, viz. 
the Horizon, Meridian, and the AEquinoGial ; by which may 
be found the three Requiſites belonging to this Plain. 
tor, 

1. [o find the height of the Pole above the Plain, repreſented 

in the Scheme by the the Line P B. Lay a Ruler to G, 
where the /Equinodial cuts the Plain, and to P the 
Pole of the World,the Ruler will cut the Plain on the 
oppolite fide in the point v. So the diſtance from B 
tov, meaſured upon the Line of Chords, will be found 
t9 contain 34 deg. 33 min. The height of the Pole 
above the Plain. 


2, To find the diſtance of the Sybſiile from the Meridian, 
Ha repre- 
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repreſented in the Schemeby the Arches L B,or N D. Take 
in your Compalles the diſtance Z B, or ND, and you 
ſhall find either of them equal to 18 deg. 8 min. and 
ſuch is the diſtance of the Subſtile from the Me- 
ridian. 

3. To find the Plains difference of Longitude, repreſented in 
the Scheme by the Angle A P K. Lay a Ruler trom P 
to AX, it will cut the Plain in x, fo the diſtance be- 
tween Dand x, meaſured upon the Line of Chords. 
will be 3o deg. And ſuch 1s the Plains difference of 
Longitude. 

Laſily, Theſe Requilites being obtained, we come to the 
drawing of the Hours ; to effect which, lay a Ruler to P, 
the Pole of the World, and Z, the Interſe&tion of the /t- 
quinoGial with the Meridien, and it will cut the Plain in 
the point x, At this point x begin to divide the Semi- 
circle LxG, into 12 <qual parts, at the point © © ©, &c. 
Then laying a Ruler to Q, and every of theſe points 
© © © Kc. it will cut the /Equinodial Circle, dividing 
that into 12 uncqual parts in the points *** *, &c.- 
Again, a Ruler laid to P, and every of thcle unequal parts 
* * * ® @#c. will divide the Plain into 12 unequal parts 
in the points | | | ] &*. ----- Lay a Ruler to Q , andeve- 
ry of theſe points |] | |, &«c. drawing lines by the fide 
thereof,and they ſhall be the true Hour-lines proper to ſuch 
a Declining Plain. 

Thus have you finiſhed the Hour-lines, the Subſtilar- 
line, (or the line upon which the Stile muſt ſtand) 1s the 
line Q D. falling (in this Dial) juſt upon the Hour-line of 
2 in the Afternoon, becauſe the Plain declined Weſtward. 
The Angle of the Stile is D Q R,containing 34 deg. 33 m. 
and mult be cither of Plate or Wire brought to ſuch an 
Ample, and muſt ſtand perpendicular to the Plain, and 
direaly over the Subſtilar Q D. 

Now have you finiſhed your Dial, and in ſo doing you 
have in this one made four Dials, viz. 

H 2 | A Scuth 
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South declining Weſt 
A South declining Eaſt d. m. 

North declining Welt ( 24 20 

North declining Eaſt 

Only placing of the numbers of the hours and the Stile 

reſpectively upon each Plain. For in the South Welt Plain, 
which we have now deſcribed, the Stile ſtands upon the 
hour of 2 in the Afternoon 3 in the South Eaſt declining as 
much, it will ſtand upon the Hour-line of 10 before-noon. 
And ſo all the morning hours of the Welſt-decliner will be 
the Afternoon heurs of the Eaſt decliner;-and the Aﬀer- 
noon hours of the Welt decliner, will be Morning Hours 


The Four Upright Declining Dials. 
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of the Eaſt decliner: And fo the South decliner will pro- 
duce the North Weſt decliner; and the South Welt decli- 
ner, the North Eaſt decliner, by only extending the 
Hour-lines, Stile and Subſtile quite through the Centre. And 
that there my yet remain no doubt, I have drawn all the 
four Dials in one, by which you may plainly ſee that there 
1s no difference between them, but what hath been already 
intimated. 

By this Figure you may plainly ſee, how that one Dial is 
the Product of all theſe four, by obſerving the cautions 
before delivercd. So that it may ſeem ſuperfluous to ſay 
any more concerning theſe upright declining Dials. Only 
before I leave them, I will (becauſe theſe Dials are molt in 
uſe) give you one other Example of an upright declining 
Plain, which by reaſon of its great declination from the 
Prime Vertical, or its Poles-great deviation from the Me- 
ridian,eauſeth the Pole to have but ſmall Elevation, where- 
fore the Dial (as all ſuch like) muſt be drawn without a 
Centre, by the directions following. 


CHAP. VIIL 


How to draw the Hour-lines #pown QOprieht far Declining 
Plans, which by reaſon of the ſmall Elevation, which the 
Pole hath oz cr ſuch Plains, the Hours (if they be drawn from 
a Centre\)cannot be of any competent diſtance one from another, 


"Hole Plains which Ire near to the Meridian Circle, 
and whoſe Poles(confequently near the prime Ver- 
tical Circle, .or Azimuth of Eaſt or Welt; the Pole hath 
but ſmall Elevation above ſuch Plains, fo that the Hour- 
lines (eſpecially thoſe of them which fall near to the Sub- 
ſtile) trom the Centre, cannot be drawn at any competent 
diſtance, without a large extention of them. To remed 
waich inconvenience, you may draw the Honr-lines for 
ſu:h a Plain at a convenient diſtance, and in a little room, 
without 


\ 
TT 
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without any regard had to the Centre. But before you 
proceed to draw the Dial, you muſt firſt find the three 
requiſites mentioned in the laſt Chapter, viz, 

1. The height of the Pole above the Plain. 

2. The diſtance of the Subſtile from the Meridian. 

3. The Plains difference of Longitude. 


Example of an Upright South Plain, declining Eaſtward 
8 deg. in the Latitude of London 51 deg. 32 min. 


To find theſe Requiſites. 


Firſt, Draw the Circle ZH N QO, crofling it with the 
diameters Z N, the perpendicular, and H O, the Hori- 
zontal Line of the Plain. 


N 
Secondly, Becauſe the Plain declineth 
let 80 deg, from N to, and from Ho uy r— 


Thirdly, 
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Thirdly, Lay a Ruler to Z and a, it will cut the Hori- 
zon in S, the South point thereof, and a Ruler laid to 
Z and b, will cut the Horizon in E, the Eaſt point thereof. 

Fourthly, Having the three points Z S and N, through 
them draw the Meridian Z $ N, whoſe Centre (by any of 
the ways beforc taught) will be found to be at . 

Fifthly, Out of your Line of Chords take 51 dep. 32 m. 
the Latitude, and ſet them from Oto c, and from N to 4. 
Then laying a Ruler from E to c, it will cut the Meridi- 
an in P the Pole of the World; through which point P 
andQ , the Centre of the Plain, draw the right line PQ B, 
for the Axis of the World. Alſo, the Ruler laid from E 
to 4, will cut the Meridian in AX, 1o 1s A one point in the 
Meridian, through which the Xquinoctial mult paſs, and 
R is another point in the Meridian (extended) without 
the Circle, and a third point is E, the Ealt point of the Ho- 
rizon. Now foraſmuch as theſe three points R E X, 
through which the Aquinodial 1s to be drawn, arc almoſt 
in a ſtrait line, ſo that the Centre of it will be at a very 
great diſtance, we will forbear deſcribing of that Circle, 
and content our ſolves that we have found the points RE 
A, through which it ſhould paſs; becauſe we ſhall draw 
the Hour-lines in this and the like caſes by other means,and 
therefore I ſhall proceed to find the other Requilttes. And, 


1. To find the height of the Pole above the Plain repreſen- 
ted by Þ C.-—- Takego dey. of your Lineof Chords, 
and (ct them from c to e, a Ruler laid to eand P, will 
cut the plain in o,ſo is O C the height of the Pole (or 
Srle) above the plain, viz. 5 deg. 12 min. 

2, To find the diſtance of the Subſtile from the Meridian, 
repreſented by B Nor Z c. —— Take the diſtance 
B N or Z C (which is equal thereto) in your Com- 
palies, and meafure it upon your Line of Chords, ſo 
you ſhall find it to contain 38 deg. 4 min. which is 
diſtance 'of the Subftile from the Meridian. 


3 bo 
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An Ere# South Plain Declining Eaſtward 8o deg. 
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© 3. To find the Plains difference of Longitude, repreſented 
Ly the Angle & Þ E, Lay a Ruler upon P 
and /E, 1t will cut the Plain in g, the diſtance g B, 


meaſured 
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meaſured upon the Line of Chords, will contain 82 d. 
3 min. the Plains difference of Longitude. 

Theſe three Requiſites being thus found, I will now 


proceed to draw the Dial without any regard had to the 
Centre, 


How to draw the Hour-lines upon the Plain. 


Firſt, Draw a right line A B, for the perpendicular 
line of your Plain, and upon A as a Centre, with 60 dep. 
or the Radius of your Chord,deſcribe an obſcure Arch ofs 
Circle C DE, and thereon from C to D, ſet 38 deg. 4m. 
the Subſtiles diſtance from the Meridian before found, and 
draw the Line A D for the Subſtile, quite through the 
Plain. 

Secondly, Take 6 deg, 12 min. the height of the Pole 
above the Plain from your Chord, and ſet them upon the 
ſame Arch fiomD to E,and draw the line AE forthe Stile. 

Thirdly, Foraſmuch as the Stile A E in this caſe is but of 
ſmall Elevation, viz. but 6 deg. 12 min. Draw the line 
GH parallel to A E, at ſuch convenient diſtance, as you 
ſhall think fit, for your new (or augmented) Stile, to ſtand 
from your Subltile A D. 

Fourthly, Aſlume any two points in the Subſtile A D, as 
R and S, and through theſe two points draw two infinite 
right Lines, both of them at right Angles to the Subſtilar 
line A D, as thelinesZ Z, and X X. 

Fifthly, From the point R, take with your Compaſſes 
the leaſt diſtance to the new augmented Stile G H, and ſet 
that diſtance upon the Subſtilar line, from R to K: Allo, 
from the point S, take the lea(t diſtance to the new Stile 
4 H, and ſet that diſtance alſo upon the Subſtilar line from 

to L. 

Sixthly, Upon the two points K and L (as upon two 
Centres)with 60 deg. or the Radius of the Line of Chords, 
deſcribe two portions of Circles, and in either of them _ 

I O 
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off 82 deg. 8 min. #he Plains difference of Longitnde, as from 

$ to M, and from R to M,both on the ſame ſide of the Sub- 
ſtilar line, on which the perpendicular line of the Plain 
A B was drawn. 

Seventhly, Divide either of the Semicircles laſt- drawn, 
into 12 equal parts, at the points © © ©, ec. beginning 
this diviſion in either of them, at the point M. 

Eightly, Lay a Ruler to the point L, and every of the 
diviſioms © © ©, &*c, and the Ruler will cur the Con- 
tingent or /EquinoGial line XX, in the points * * *, ec. 
Alſo a Ruler laid to K, and each of the points © © ©, ec. 
will cut the other Contingent ZZ, inthe points ** *, ec. 

Laſih, Lines drawn from the point * in one Contingent 
line, to the point *in the other Contingent line, each to his 
correſpondent (which the Subſtilar line will dire youu how 
to do) thoſe lines ſhall be the true Hour-lines belonging to 
ſuch a declining Plain, and be drawn as in the Figure you 
ſee done, at a competent diſtance one from another, with- 
out any relation at all had to the Centre of the Dial. 

Thus have you finiſhed your Dial, and in the making of 
this, you have made a South declining Weſt 8 deg. alſo; 
for if you turn the Paper, and look through it, it will on 
the back-ſide be a South declining Welt ah only the 
Forenoon hours in this, muſt be the Afternoon hours in 
that : Nay,in rigour, you have in this one Dial made four, 
viz. a North declining either Eaſt or Weſt, if you well 
obſerve what was ſaid and done it the laſt Chapter. 

And thus have I done with all Opright, or Ere&# Plains, 
either Dire@ or Declining. I ſhall now proceed to ſhew 
you how to inſcribe Hour-lines upon fich Plains as 
are not Upright, but Reclive from the Zenith, and of 
them there are ſuch as are Dire, and ſuch as do De- 
cline. 


ul Of 
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I TI. Of Reclining Plains. 
CHAP. IX. 


_— 


$ in Upright Plains there were two Varieties, vis. 
A Erc& Dire, and EreF Declining. So are there of 
Reclining Plains allo. For ſuch Reclining Plains as do dis 
rely behold either the true Eaſt, Welt, North or South 
points of the Heavens, that is, whoſe Poles lie, either inthe 
Meridian, or Prime Vertical Circle of the place, are called 
DireF Reclining Plains. 

Again, Thoſe Reclining Plains, which do not direMly 
lie in or their Polcs be not in the Prime Vertical or Meri- 
dian Circles ot the place, but dewate therefrom, are called 
Declining Reclining Plains, Of both which forts I ſhall 
give you an account, and the manner of inſcribing Hour- 
lines upon them, for in theſe Plains there is far more varie- 
ty, than there was in Upright or Ere& Plains. 


_— — 


Of Dirc& Reclining Plains, &>c. 
I, Of Eaſt ayd Weſt Recliners. 
CHAP. X. 


How to draw the Hour-lines upon a Dire& Eaſt or Welt 
Reclining or Inclining Plain. 


Sin Upright Declining Dials, Twothings muſt be given, 
A and Three things muſt be found, before the Horr-lines 
could be drawn. In theſe direct Reclining Plains Dro 
things muſt alſo be given, and Three muſt be found, betore 
the Dial can be made. < 
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The Things that muſt be given are, 


1. The Latitude of the Place. 

2. The Reclination of the Plain. 

The Reclination of aPlain(as hath been before declared) 
is the Arch of an Azimuth or Vertical Circle, intercepted 
between the Zerith of the place, and the Reclining Plain, 


Example, Of an Eaſt or Weſt Plain, Reclining 35 deg. in 
the Latitude of London 51 deg. 32 min. 


d. m. 
"Latitude of the Place on 20 
Data {Reclination of the Plain 35 ©O 


The height of the Pole above the Plain. 
Quzſita 3 The diſtance of the Subſtile from the Meridian. 
,The Plains difference of Longitude. 

Firſt, Draw the Circle N ESR, repreſenting the Re- 
clining Plain, and croſs it with the two Diameters N Q S, 
the Horwontal Line of the Plain, and Hour-line of 12 a 
Clock, and E Q R for the Prime Vertical Circle. 

Secondly, Becauſe the Plain reclines 35 deg. take 35 deg. 
out of your Line of Chords, and ſet them from E to a, and 
fromN to b. 

Thirdly, Lay a Ruler from Sto, and it will cut the 
prime Vertical Circle in Z, fois Z the Zenithof the place---- 
Alſo a Ruler laid from S to b, will cut the fame Vertical 
Circle in W,by which point the Horizon of the place muſt 
be drawn. 

Fourthly,The points Zand W being found, you have three 
points through which you muſt deſcribe the Meridian, viz. 
N ZaudsS; and as many alſo through which you muſt draw 
the Horizon,namely,N W and $. The Centres of both which 
Circles will fallin the LineE Q R,(cextended ifneed be) and 
the manner how to find them hath been oftenenoughalready 
taught, Fifihly, 
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Eaſt and Weſt Inclining. 
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Fifthly, Becauſe the Latitude of the place is 51 deg. 
32 min. Take 51 deg. 32 min. from your Line of Chords, 
and ſet them upon your Plain from S to c. Then lay a Ru- 
ler upon W the Welt point of the [lorizon, and the point c, 
the Ruler will croſs the Meridian Circle in P the Pole of 


the World; through. which point P and Q, the Centre 


Cor 
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(or pole of the Plain) draw the right line PQ, which 
ſhall be the Axis of the World, and Subſtilar Line of your 
Dial. 

Sixthly, Take go deg. of your Line of Chords, and ſet 
them upon the Circle of your Plain from c to 4, then lay 
a Ruler from W to d, and it will cut the Meridian Circle 
in X, ſo is X one point in the Meridian, through which 
the Equinodial Circle muſt be drawn, and W the Weſt 
point of the Horizon 1s another; ſo have you two ppints 
within the Circle, through which you muſt deſcribe the 
fEquinoGial Circle, whoſe Centre will be inthe Line PQ, 
the Axis of the World, (extended if need be) the manner 
how to find it hath been already taught ſeveral ways. 

aoing thus projeted the Meridian, Horizon and A&- 
quinodial, you may find the three Requifites, as follow- 
cth. 

I. To find the height of the Pole above the PlainP k, Lay a 
Ruler to gand P, it will cut the Plain on the oppo- 
ſite fide in þ; fo k b meaſured upon the Chords, will 
be 26 deg. 41 min. The height of the Pole above the 
Plain. 

2. To find the diſtance of the Subſtile from the Meridian 
'$k, Take 3k in your Compatles, and meaſure it 
upon the Chord, it will be found 45 deg. 52 min. 

The diſtance of the Subſtile from the Meridian. 

3. fo mY the Plains diff erence of Longitude, PQ. A 
Ruler laid from P to A, will cut the Plain in e, the 
diltance from O the Subſtile,to e, will contain. 66 deg. 
27 min. of the Chord, which is The Plains difference 
of Longitude. | 

Theſe Regquiſttes being obtained, you may proceed to 
find the Hour diſtances upon the Plain in this manner. 

Seventhly, Lay a Ruler to P the Pole, and Z the inter- 
ſe&ion of the Meridian with the /EquinoGial, and it will 
cut the Plain ine. Ate begin todivide the Semicircle into 12 
equal parts, at the points © © © e*c. 

Eightly, 
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Eightly, Lay a Ruler to Q, and the ſeveral points 
© © © &c. and it will cut the AquinoGial Circle in 
the points * * * ec. dividing that into 12 equal parts. 

inthly, Lay a Ruler to P,and the ſeveral points** *e>c. 
and it will cut the Plainin the points |] ] &#c. 

Laſily, If trom the Centre Q, you draw right Lines 
through the points | | j ec. they ſhall be the true Hour- 
lines belonging to your Reclining Plain. 

And thus have you finiſhed your Dial, and alſo in it 
Four Dials: For the Dial as it here ſtands in the Scheme, 
is properly an Ea(t and Weſt Incliner, but being turned 
_ down, as you ſee the hours numbred, and the word 

nith ſtanding upwards, it is an Eaſt Recliner; and if 
the Hour-lines be turned (or ſuppoſed to (tand) on the 
right hand of the Prime Vertical Line EQ R, as in this 
Scheme they doon the left hand,and the hours of 4,5,6, &c. 
in the Morning, changed to 8, 7, 6, &c. in the Evening, 
the Plain is then a Weſt Recliner. And it the Hour-lincs 
be drawn through the Centre of cither of them, the Plains 
then become Eaſt and Weſt [nclizers; the hours and Sub- 
ſtile in all retaining the ſame place,only the denominations of 
the Hows changed, ec. you muſt remember, that in all 
Eaſt and Weſt Recliners, the North Pole is elevated, and 
in all lncliners (oppoſite to them) the South Pole. 


—— —  ——— ———  ——O— 


[ I. Of South Recliners. 
CHAF..Xk 


How to draw the Hour-lines upox Dire South Re- 
clinwg or Inclining Plains. 


T* the Eaſt and Welt Recliningand Inclining Plains, be- 
fore deſcribed, the Merr4irn, or 12 a Clock Hour-line, 
dig lie 1n the Horizontal Line of the Plain, and the = 
thereof 


Cl — 
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thereof in the Prime Vertical Circle. So (on the contra- 
ry )in theſe South and North Recliningand Inclining Plains, 
their Hori: ontal line lieth in the Prime Vertical Circle, or 
hour of 6, an/| their Poles in the Meridian, and from hence 
they receive iheir denomination. 

> theſe Dir& Reclining Plains there are S7x LVarieties, 
viz. three of South Recliners, and as many of North Re- 
cliners. For, 

1. The South Plain may Recline, ſo as it may juſt 
fal! in the Axis of the World, and fo paſs through the 
Polcs of the World, and then it is called an /EquinoGial 
Plain, becauſe the poles thereof lie in the /EquinoGial 
Circle, and neither of the poles have any Elevation above 
it, wherefore the Hour-lines muſt be all parallel one to 
the other, and all of themto the Axisof the World,and the 
Dial muſt be drawn as the Ere& Dire& Eaſt or Weſt Dials 
were. Only, whereas the Stile ſtood upon the Hour-line 
of 6 in the Eaſt and Welt, in theſe plains it muſt ſtand up- 
the Hour-line of 12, and be of equal height with the di- 
ſtance between the hours of 12 and 9, or 12 and 3, which 
are equidiſtant from the Meridiar. 

2, Or Secondly, The South Plain may fo Recline, that 
it may fall between the Zenith and the North Pole, and 
then 1s the South Pole elevated above ſuch a Plain. Or, 

3. The North Plain may fo Recline, that it may fall be- 
tween the Horizon and the North Pole, and then is the 
North Pole Elevated. 


Examples of theſe three Varieties of South Reclining 
api Plains do here follow. 
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The Firſt Variety. 
CHAP. XII. 


Hyw to draw the Hour-lines upon an AquinoQtial Plain, 
Reclining juſt to the Pole. 


Uppoſe a South plain ſhould Recline 38 deg. 28 min: 
g in the Latitude of London 5 1 deg. 32. min. 

Firſt, Draw the Circle WPE R, repreſenting your 
Reclining plain, and croſs it with the two Diameters P Z 
SR, for the Meridian, and W Q E, the Horizontal linc 
of the plain. 


P 


Secondly, Becauſe the plain Reclines 38 deg. 28 min. 
take 38 deg. 28 min. out of your Chord, and ſet them from 
Ptoa, and from E to 6b. 

Thirdly, Lay a Ruler from W to a, it will cut the Me- 
ridiar'\n 7, ſo is Z the Zenith of the place, through which 
point, and the points W and E ( the Weſt and Eſt 
points of the Horizon ) draw the prime Vertical Circ!e 
WSE. 

K Fourthly, 
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Fonrthly, Lay a Ruler from W to b, and it will cut the 
Meridian 1n S$, through the points W S and E, draw the 
Horizon of the place W S E. 

FE iſthly, Becauſe the Latitude of the place is 51 deg. 32 
min. ſet 51 dey. 32 min. upon your plain from E to a, and 
it will cut the Meridian P Q R, in the point Z the Zenith, 
then (becauſe the pole of the World is removed from the 
Zenith, (always) (o much as is the Complement of the La- 
titude, which hcre in this Example 1s 38 deg. 28 min.)take 
therefore this diſtance 38 deg. 28 min. and fct it upon 
your plain from a, and you ſhall find, that the Compaſs- 
point will dire&ly fall in the point P, which is the Pole 
of the World and is the very place where the Reclining 
Plain, and the Meridian ot the place do interſe&, which 
clearly demonltrates,that the Pole hath no Elevation above 
this Plain, and by this means, the Line W Q E, bccomes 
to be the /EquinoGiat, and a [tratt Line, wherefore the 
Hour-lines muſt þe all payallcl one to the other, and all 
of them to thz Axis of the World, and the Dial muſt be 


drawn in this ntanncr. 
To dyaw the Honur-lines upon the Plain. 


Firſt, Draw.the Right. Line A B, for the Horizontal 
Line of the Plain, and croſs it about the midd'e thereof 
at Right Angles, with the Line 12 Q 12 for the Mcridian 
and Hour-line of 12. 

Secondly, Upon the Line 12 Q 12, eithcr above or be- 
low Q , atlumc any point, as S, and {cturg one foot of 
your Compalics therein (it being opencd to the Radius of 
your Line of Chords) deſcribe the Semicyrcle C D-E, which 
divide into 12 equal parts, beginning at D. 

Thirdly,Lay a Ruler to $,and the ſeveral points © © © 
Ec. _ will croſs the /EquinoGial "Line A B, in the 
points * * * g$c. 

Laſtly, Through theſe points * * * exc.draw Right Mos 

a 


Geometrical Dialling. 67 
all parallel to the Line 12 Q 12, and fo is your Dial 


e finiſhed. 
EC 
A Dire AtquinoGial Dial. 
2 
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'E The Stile may be either a ſtrait Pin, of the length of 
'S the line Q S, ſt perpendicular to the Plain upon the point 
fe Q :; the ſhadow of the top thereof only 'giving the Hour. 
1 Or it may be a plate of the breadth of the diſtance that 
e ii is between the Hour-lines of 12 and 3, or 12 and 9g. and 


then will the ſhadow of the upper edge thereof, give the 
hour of the day. 


> ——— —— — 


—— —— 


aA The Second V ariety. 


n CH AP. XII. 

_ How to draw the Hour-lines upon a Direct South Reclining 

- Plain, which falls between the Zenith and the Pole. * 
} 

h Let the Example be of a South Plain Reclining 25 d. 


in the Latitude of London 51 deg. 32 min. 


2 

IC i», Draw the Circle W DER, repreſenting your 
'* Reclining Plain,croſs it with the two Diameters N R, 

C2 K 2 for 


11 
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for the Meridian and Hour-line of 12, and WE, for the 


Horizontal line of the Plain, and Hour-line of Six. 

Secondly, Take 25 deg. the Plains Reclination, out of 
your Line of Chords, and ſet that Diſtance from D to a, 
and from E to b. 

Thirdly, A Ruler laid from W to a, will give Z the Ze- 
»ith of the place; and a Ruler laid from W to b, will give 
S the South point of the Horizon ; both which Circles 
W ZE, the Prime Vertical and W R E the Horizon, may 
be drawn, as hath often enough already been (hewn, their 
Centres being always in the Meridian Line N Q R, exten- 
ded if need require. 


X 
A 


Fourthly, Becauſe the Pole of the World is always di- 
ſtant from the Zenith, the Complement of the Latitude of 
the 
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the place, viz. here at London, 38 deg. 28 min. Take 
(therefore) 38 deg. 28 min. out of your Line of Chords, 
and ſet them upon your Plain from a,the point which found 
the Zenith to C. 

Fifihly, Lay a Ruler from W to C, and it will cut the 
Meridian NQ R, (being thus extended) in P, lo 1s P the 
North Pole ot the World, and becaule it falleth without 
Plain,it 1s evident by the Scheme, that this Reclining Plain 
paſſeth through the Meridian, between the Zenith and the 
Pole. And again, becauſe the North Pole Þ falleth with- 
out the Plain, it alſo demonſtrates that the South Pole muſt 
be elevated above this Plain. Wherefore, 

Sixthly, To find the point of the South Pole upon the 
Meridian line N Q R, do thus. Becaule the two Poles are 
180 deg. diſtant from each other, viz. two Quadrants, or 
twice 90 deg.” Take therefore go deg. out of your Line of 
Chords, and fect them twice upon your Plain from C, v1z. 
firſt from C to e, ard then from e to », ſo ſhall the 180 deg. 
end jn »: And a Ruler being laid from W to », (hall crots 
the Meridian in A,the South Pole; fo 1s the South Pole A, 
elevated above the Reclining Plain, the quantity of A R, 
which 1s equal to the Arch R », which meaſured upon the 
Line of Chords will be found 13 deg. 28 min. 

Serenihly, Lav a Ruler from W toe, and it will cut the 
Meridian in ZE, fois /Z that point in the Meridian through 
which the /EquinoG7al muſt paſs. Asalio through the points 
F and W, the Eaſt and Weſt points of the Horizon. 

Eiehthly, For the Hour-lines, They arc to be drawn 1 
all retpects as the Hour-lines were upon the upright South 
Plain, without any alteration, only there the Stile was ele- 
vated according to the Complement of the Latitude 383 deg. 
28 min. here it muſt be elevated only 13 deg, 28 min. 
as in the Scheme. The manner how the Hour-lincs are to 
beput on, I ſhall only repcat, but T ſhall forbear drawing 
them, leaving that to your own practice, in regard there 1+ 


no alteration at all from the Ere& Dire& South Plain. 
Wherc- 
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Wherefore divide the Semicircle of your Plain WRE in- 
to 12 equal parts, (beginning at R, and fo 6 equal parts 
on cither lide of the Meridian N Q R.) Then lay a Ru- 
Icr to Q, and every of thoſe 12 diviltons, it will divide 
the FquinoCtial into 12 uncqual parts. A Ruler Jaid from 
P to every of thoſe uncqual parts in the /Equinoctial, will 
divide the Plain into 12 other unequal parts, through 
which laſt 12 uncqual parts, and the Centre Q, if you 
draw right Lincs, they (hall be the true Hour-lines proper 
tor the Plain. 


And here by the way note, for that the Aquinoctial 
Circle in this Scheme 1s a very oblique Arch, the 
Ccntre of it will be very remote, and the Hour-ſpa- 
ccs upon it (as allo upon the Plain) will be very 
cloſe together in theſe ſmall draughts, which is occa- 
fioned by the ſmall Elevation that the South Pole 
hath above this Plain, viz. but 13 deg. 28 min. 
which you might find without drawing of the Scheme 
by ſubſtrating 25 deg. the Plains Declination repre- 
ſented in the Scheme by the Line (or Circle) DZ, 
from Z, P, the Complement of the Latitude of the 
place. And thetefore, foreſceing that the Pole hath 
but ſmall Elevation above the Plain, and alſo what 
Pole, whether North or South that is elevated : The 
better way will be to augment the Stile, and to draw 
the Dial according to theſe following DireCions. 


How to draw the Hour-lines upon the Plain. 


In the Scheme following, draw, Firft, The right Line 
WOQ LE, for the Horizontal, and perpendicular thereunto, 
in the Line $ Q R, for the Meridian and Hour-line of 12, 
which extend above the Horizontal Line to S. 

Secondly, Upon S as a Centre, with 60 deg. of your 
Chord, defcribe a ſmall Arch of a Circle, and upon ; ſet 

13 deg. 
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13 deg. 28 min. the height of the Pole above the Plain 
from A to B, and draw the Line $ B for the Stile. 


South Reclining 25 Degrts. 


Sf 
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[ hirdly, At any convenient «iftance, anverable to the 
largencls of your Plun, draw a Line patall-]l to W E, a: 
the Line CD EF. 


For tt | 
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Fourihly, Set one Foot of your Compaſſes in D, and 
with the other, take the nearcſt diſtance to the Stile $ B, 
which diſtance ſg upon the Meridian from D to H. 

Fifitlz, Upon the point H, (your Compaſſes opened to 
60 deg. of your Line of Chords) deſcribe the Semicircle 
K Q L, which divide into 12 equal parts, in the points 
© © © GC. 

Sixtlly, Lay a Ruler unto H, and upon every of the 
points? © ©, ec. and it ſhall cut the /Xquinodial Line 
CDF, inthe points * * * exc. through which the Hour- 
lines muſt paſs: Wherefore, if from the Centre S, and 
through the ſeveral points * * ® &«. in the Line C D F, 
you draw ſtrait lincs, bounding them between any two 
lincs as W E, and M N, they ſhall be the true Hour-lines. 
Oc. 

SecertLl., It you draw another Tangent line, and de- 
ſ-cibe another Scmicircle, and divide it, and the other 
linc,as you did the former,ſo ſhall the lines drawn through 
the reſpective points * * * &4. in either of the A*quinodlial 
(or Tangcrit-lines) be the true Hour-lines belonging to 
your Plain, without any regard had to the Centre at all, 
as you before did 1n Upright far Decliners. 


The Third V ariety. 
CHAP. XIV. 


How to draw the Hour-lines #pon a Direct South Reclining 
Plain, which paſſeth between the Pole and the Horizon. 


Let the Example be of a South Plain, Reclining 55 deg. in 
the Latitude of Loxdor, 51 deg. 32 min. 


I-f, Draw the Circle WNE R, for your Reclining 
þ Plain, croſs it with the two Diameters N Q R, the 
Meridian 
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Meridian, and W Q E, the Horizontal Line of the 
Plain. 

Secondly, Take 55 deg. the Plains Reclination, out of 
your Line of Chords, and ſet that diſtance from N to a, 
and from E to b. 

Thirdly, Lay a Ruler from W to a, it will cut the Me- 
ridian in T, (o is Z the Zenith of the place, through which, 
and the points W and E. draw the prime Vertical Circle 
WZE. 


Fourthly, Lay a Ruler from W to 6b, and it will cut the 
Meridian in $, the South point of the Horizon, through 
which, and the points W and E, the Horizon of the place 
WSE mult be } woman 

Fifihly, The Pole being diſtant from the Zenith of the 
place 38 deg, 28 min. equal to the Complement of the La- 
titude, ſet - 38 deg. 28 min. from @ to c, and aRuler laid 
from W to c, ſhall cut the Meridian in Þ the Pole of the 
World, and go deg. of your _ of Chords being ſet 

from 
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from c to #,and a Ruler laid from W to #, ſhall cut the Me- 
ridian in Z,through which,and the points W and E muſt 
the /&quinoGial Circle be deſcribed : The Centre where- 
of, as alſo of the Horizon and prime Vertical Circles, are 
a!l im the Meridian NQ R, extended where need re- 
quires, and how theſe Centres are to be found, is ſhewed 
already. 

Sixthly, For the drawing of the Hour-lines, they muſt 
be drawn as 1n the Erect Direct South Plain, or as was di- 
rected in the laſt Plain, and fo ſhall ſay no more of them 
in this place; only take notice, that the North Pole is ele- 
vated above this Plain, the quantity of the Arch N c,which 
is 16deg. 32 min. 

Theſe are the three Varieties of South Dire& Reclinin 
Plains, and in the making of theſe, you have als 
made the oppoſite-Incliners as much, for each Plain 
hath two faces, the one open to the Zenith, and the 


hy 


other to the Nadir of the place. Sy 
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Il. Of North DireG# Recliners. 


CH AP. XV. 


How to draw the Hour-lines upon 4 Direct North Reclining 
Inclining Plain. 


Sin South Reclining Plains there were Three Varie- 
A ties, ſo alſo are there as many in the North Recli- 
mers; For, 

- 1. The North Phin may ſo Recline, that it may paſs 
through the Meridian, juſt at the interſetion of the Meri- 
dian with the FEquinoial, the plain it (elf lying in the A- 
uinottial Circle, and the poles thereof in the Poles of'the 

World, and ſo it 1s called 4 Polar Plain. Or, = 
2, The 
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2. The Plain may ſo Recline, that it may cut the Me- 
ridian between the Zenith and the /Equinodial. Or, 
3. It may Recline fo far, as tocut the Meridian between 
the AEquinoGial and the Horizon. 
Examples of theſe three Varieties of North Reclining 
Plains follow. a 


The Firſt Varicy.. 


CH AP. XVI. 


—— » ——— 


How to draw the Hour-lines upon a DireG Polar Plain, which 
Reclineth juſt to the AquinoQial. 


Example of a North Plain,Reclining 51 deg. 32 min. equal 
to the Latitude of the Place wiz. London. 


Irſt, Deſcribe the Circle E A W R, for your Plain, 
croſs it with the Diameters A Q R, for the Meridi- 
an, and W Q E for the prime Vertical Citcle. 

Secondly, Set 51 deg. 32 min. the Reclination of the 
Plain (which in this Example is alſo equal to the Latitude 
of the place) from ZX to a, and alſo from W to b. 

Thirdly, A Ruler laid from E to a, will cut the North 
part of the Meridian in Z the Zenith of the place, and be- 
ing laid from E to b, it will, cut the Meridian in N, fo is N 
the North point of the Horizon. | 

Fourthly, Through the pornts W Z and E (by former 
direftions) draw the prime Vertical Circle, or Azimuth of 
Ealt or Weſt, WZ E. And alſo through W Nand E, 
draw the Horizontal Circle W N E. 

Fifthly, Becauſe the Pole of the World is always remov- 
ed from the Zenith of the place, ſo much as is the Com- 
plement of the Latitude (in this Example 38 deg. 28 min.) 
Set 38 deg. 28 min. from « (the point in the Plain, which 
found the Zenith point Z,) Northward of the Zenith, and 


the Compaſs-point will fall in W, the Welt point of the 
| L 2 Hort- 
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Horizon; ſo that if a Ruler were laid fromW toE, it 
would cut the Meridian in Q,, for the Pole of the World, 
which is already the Centre of the plain, ſo that the pole 
of the World, and the pole of the plain fall both in one 
point, and the pole Q is elevated above the plain godeg. 
iz. the quantity of the Meridian Line X Q ,or rather the 
Arch A W, which is the meaſure thereof. 


A Dire# Polar Dial South. 


il 


Sixthly,” To draw the Hours upon this Plain, it is eaſieſt 
of all others, for if you divide the Semicircle E R W, 
into 12 equal] parts in the points © © © e*c. and through 
thoſe points draw ſtraight lines from the Centre Q_, they 
ſhall be the true Hour-lines belonging to this Polar Plain. 

And this Plain, by reaſon of its North Reclination,is,in 
Summer, capable of receiving all the hours from Sun riſing 
to 
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to Sun ſetting, and therefore the Hour-lines of 4 and 5 in 
themorning,and of 7 and 8 at night muſt bedrawn through 
the Centre, as you did in the Vertical or Horizontal Dial, 
and as you ſee here done in this Figure, 

The Stile of this Dial muſt be a ſtrait Pin or Wire, ſet 
perpendicular upon the Plain, from the Centre Q_, and 
of any length. And this for the Firlt Variety of North 
Recliners. 

The South Inclining Plain oppoſite to this, is directly 
the ſame, only the forenoon hours in this mult be the At- 
ternoon hours in that,and the hoursof 4 and 5 in the mor- 
ning, and of 7 and 3:in the Evening mult be omitted. 

/ 
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The Second V ariety. 


CH AP. XVII. 


How to draw the Hour-lines upon a North Reclining Plain, 
which interſe&s the Meridian between the Zenith and the 
Aquinoctial.. 


Let the Example be of a North Plain, Reclining 25 deg. 


[7% Draw the Circle E $ W R, repreſcnting your 
North Reclining Plain,and crols1t with the two Dia- 
mcters SQ R, the Meridian of the Place, and E Q W, 
the Horizontal Line of the Plain. 

Secondly, Set the Reclination of the Plain 25 deg. from 
S to a, and from W to b. 

Thirdly, Lay a Ruler from E to 4, it will cut the Meri- 
dian in Z the Zenith. And a Ruler laid from E to b, will 
cut the Meridian in N the Notth point of the Horizon: fo 
have you three points E Z and W, whereby to draw the 
prime Vertical Circle E Z W, and three points allo, viz. 
E N and W, whereby to draw the Horizon E N W. 

7 Fourthly, 
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Fourthly, Becauſe the ZquinoQtial is always 9o deg. di- 
ſtant from either of the Poles,ſet 9o-deg. upon your Plain, 
from c to d. Then laying a Ruler to E and &, it will cut 
the Meridian in A, ſo is & the point of the interſetion of 
the Xquinotial, with the North part of the Meridian ; 
wherefore through the points E # W, deſcribe the Aqui- 
noctial Circle; the Centre whereof, as alſo of the Hori- 
zon, and prime Vertical Circle, will fall in the Meridian 
S Q R, extended where need requires. 


Fifthly, The Horizon, AquinoGtial and Pole, being 
thus ſeated 1n their true poſitions upon the Plain ; the 
thing required in this Dial, is, The height of the Pole above 
the Plain, which may be found in this manner. ----- Lay a 
Ruler from E to P, and it will cut the Plain in c, the di- 
ſtance Sc, meaſured upon your Line of Chords, will con- 
tain 63 deg. 28 min. which 1s the height of the pole above 
the Reclining Plain. 

Laſtly, For the drawing of the Hours, that is done the 

lame 
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ſame way as in the Ere& Dire South Plain, only here the 
Stile muſt beelevated above the Meridian line 63 deg.28 m. 
whereas there it was only 38 deg, 28 min. the Comple- 
ment of the Latitude. The North Pole is elevated above 
this Plain, and the Hours that the Plain is capable to re- 
ceive, are 4, 5,6, 7, 8, and 9 in the Morning, and 3, 4, 
5, 6, 7, and 8 at Night. 
The height of the Pole (or Stile) above this Plain may 
be found by adding the Complement of the Latitude 
33 deg. 28 min. and 25 deg. the Reclination toge- 
ther, the ſumm whereof is 63 deg. 28 min. the height 
of the Stile, as before. 


The Third V ariety. 


CHA P. XVIII. 


How to draw the Hour-lines upon a Dire& North Reclining 
Plain, which interſeFs the Meridian between the Xquino- 
(ial and the Horizon. 


Let the Example be of a Dircct North Plain, Reclining 
70 deg. in the Latitude of Loxdon 51 deg. 32 min. 


Irſt, Draw the Circle E S W R, repreſenting your 

North Reclining Plain, and croſs it with the two Dia- 

meters SQ R, for the Meridian of the Place, and with 
E Q W, the Horizontal Line of the Plain. 

Secondly, Set the Reclination of the plain 70 deg.from 
Stoa, and from W to b. 

Thirdly, Lay a Rulerto E and a, it will cut the Meridian 
in Z the Zenith, through which, and the points Eand W, 
draw the prime Vertical Circ:«: L Z W, —— AlGo, lay 
a Rulcr from E to 6b, it will cut the Meridian in N, the in- 
terſection 
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terſe&tion of the Meridian with the North part of the Ho- 
rizon, now through the points E N and W, deſcribe the 
Horizon of the place E N W. 

Fourthly, Foraſmuch as the Pole is diſtant from the Ze- 
nith of the place 38 deg. 28 min. (equal to the Comple- 
ment of the Latitude) ſct 38 deg. 28 min. from a, the 
point which gave the Pole Proc, and laya Ruler from 
E to c, ſo ſhall it croſs the Meridian in P, the Pole of the 
World. 

Fifthly, Becauſe the A:quinoctial 18 1n all places fituate 
90 deg. tiom either Pole. Take go deg. in your Compalles, 
and ſet them off from c,(the point which gave the Pole P 
both ways,to e above,and to g below. So a Ruler Jaid from 
k tO g, will cut the Meridian (it being extended) in AX, 
without the Plain, which ſhews that the North part of the 
Aquinoctial Circle lies below this Plain. Therefore,lay a 
Rulcr fromEtoe, and it will croſs the Meridian in X 
above, within the plain. So 18 Z the point re the Me- 
ridian, and the South point of the AquinE@tal witharter- 
ſect, and through that point, and the points E and W, muſt 
the Aquinoctial E ZE W, be drawn. 

Sixthly, the Horizon, Pole and Aquinoctial, being thus 
projected, the thing required 1n this plain, is, The height of 
the Pole above it, viz. P R, which may be found in this 
manncr. Lay a Ruler from Eto P, and it will cut the 
plain”in c, the diſtance from R toc meaſured upon the 
Chord, will be 71 deg. 32 min. whichis the height of the 
pole above this Reclining plain. —— Or the height of the 
pole above the plain may be found, by adding the plains 
Reclination 70 deg, to 38 deg. 28 min. the Gm 


of the Latitude, the Summ whereof is 108 deg. 28 min. 
which taken from 180 deg. the remainer will be 71 deg, 
g2 min. as before. 

Laſtly, For the drawing of the Hour-lines,they are done 
10 all reſpects as thoſe before in South Erett Plains, only in 
this make the Elevation of the Stile 7 1 deg. 32 min. as you 
find it by yourprojettion. Your 
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Your Hour-lines being drawn, ered the Stile 71 deg. 
32 min. above the Meridian or Subſtile, letting it point up 
to the North Pole, becauſe that pole above this plain is ſo 
much elevated, and being this Plain is but 20 deg. raiſed 
above the Horizon, viz. the Complement of its Reclina- 
tion, the Plain is capable to receive all the hours from 4 
in the morning, to 8 at night, and therefore the hours of 
4 and 5 in the morning, and 7 and 8 in the evening, muſt 
be drawn through the Centre, as was done in the Vertical 
or Horizontal Dial. 


And thus have you had Examples of all the Varieties, 
both of Eaſt, Weſt, North, and South Reclining Plains; 


and no other can poſhbly fall out in any place what- 
M loever, 
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ſoever. The Inclining Plains are the ſame with the 
Recliners oppoſite to themz and muſt be drawn in 
the ſame manner,as hath been (in ſome meaſureJhere- 
tofore hinted, and ſhall be more at large diſcourſed 
of hereafter, when I have done with Declining Reclj- 
ning Plains, of which I come now to treat. 


- - -— —_—_— -— O— —— ——_ — 


IV. Of Declining Reclining Plains. 
CHAP. XIX. 


S there were ſix Varieties of Dire# North and South 
Reclining Plains, (o alſo are there of South and North 
Declining Reclining Plains, viz, Three Varieties of South 
Recliners Declining, and as many of North Recliners Decli- 
zing. For, in South Reclmers Declining, 

1. The Declination may be ſuch, that the South Reclin- 
ing Plain, may cut or fall upon the Meridian, juſt upon 
the Pole Point ; and fuch Reclining Declining Plains, are 
called ZEquinoGial Decliners : Or, 

2, The Declination may be ſuch,that the Reclining Plain 
ſhall interſe& the Meridiax between the Zenith of the place, 
and the Pole of the World: Or, 

3. The Declination may be fuch, that the Reclining 
Plain ſhall craſs the Meridian between the Pole and the 


Horizon. 


Theſe are the three Varieties of South Recliners Declining. 
1: North Recliners Declining #here are three other Varie- 
ties, For, 


1. The Declination may be ſuch, that the North Reclin- 
ing Plain may croſs the Meridian in the point where the 
FquineGial interſefts the Meridian. And then ſuch Plains 


are 


* I Ive 
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are called Polar Declining Plains,becauſe the Poles of them 
liein the Axis of the World, and the Swb/tile in ſuch 
Plains,will be always perpendicular to the Meridian of the 
place. Or, 

2, The Declination may be ſuch,that the Reclining Plain 
may interſe&t the Meridian, between the Zenith and the 
HEquinoGial. Or, 

3. The Declination may cauſe, that the Reclinine Plain 
may fall upon the Meridien, between the Aqninothial and 
the Horizon. 


Examples of all theſe Varieties follow. 


I. Of South Recliners. 
The Firſt Variety. 
CHAP. XX. 


How to draw the Hour-lines wpon a South Reclining De- 
clining Plain, .which cutteth the Meridian in» the Pole 
Point. 


N Declining Reclining Dials, betore the Hour-lines can 
| be drawn, Three things muſt be given,and Four things 
found 3 the things given are, 

1. The Conde of the place. 
Data n The Declination of the Plain. 
3. The Plains Reclination. 


The Things required are, 


1. The diſtance of the Meridian and Horizon. 
2, The height of the Pole above the Plain. 
RQueſita 3. The diſtance of the Subſtile and Meridian. 
4. The Plains —_ of Longitude, £ 
2 & 
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Let the Example be of a South Plain Declining Eaſt, 3o 4. 


and Reclining 34 deg. 32 min. in the Latitude of Lon- 
don, 51 deg. 32 win. 


Firſt, Draw the Circle HA O R, and croſs it with 
the two Diameters H O, the Horizontal Line of the Plain, 
and AQR, the perpendicular Line of the plain, croſling 


each other at Right Angles in Q the Centre of the Plain. 


. LL LLIITITES * FATLEL 


g—_— 


Secondly, 


ww 
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Secondly, Becauſe the Plain Reclined 34 deg. 34. min. 
Take 34 deg.34 min. from your Line of Chords, and (et them 
upon your plain from A to a, from H to b, and from R to c. 

Thirdly, Lay a Ruler from O to a,and it will cut the per- 
pendicular Line of the Plain in Z the Zenith of the place. 
Allo a Ruler laid from O to b,will cut the plains perpendt- 
cular in K, the interſection of the Horizon of the place, 
with the Plains perpendicular. And a Ruler laid from © 
toc, will cut the perpendicular of the plain A R (itbeing 
extended) in N the Nadir point. Having found thete points 
upon the perpendicular Line of the Plain, 

Fourthly, Through the points H K O,draw the Horizon 
of the place. And, 

Fifthly, Becauſe the Plain declines 3o deg. Eaſtward, 
take 3o deg. out of your Chord, and ſet them trom R to 
d, and from O toe; and laying a Ruler from Z the Zec- 
nith to ezit will croſs the Horizon in E,the Eaſt point there- 
of, and the Ruler laid from Z to d, will croſs the Horizon 
in Sthe South point thereof, fo have you found three 
points, viz. Z Nand S, through which you may draw the 
Meridian , whoſe Centre you may find, as hath been 
before taught : Or in this manner ; 

Divide the ſpace between Z and N in two equal parts 

in C, and through C draw the line C D parallcl to 
Q O, extending it, as you (hall have occation. Alſo 
from Q , through E draw another Right Line Q E, 
extending it,as occalton thall offer; the point of thoſe 
two lines interſection, 15s the Centre of the Meridian. 
Which being drawn, 

Sixthly, Lay a Ruler from E the Eaſt point of the Hort- 
Zon to Z the Zenith, and it will cut the Plain in bh. And, 
becauſe the Pole of the World is diſtant from the Zenith 
38 deg. 28 min. equal to the Complement of the Latitude, 
ſet 38 deg.28 min.from h upon the Plain,and it will fall juſt 
upon P, which is the point of the plains interſe&tion with the 
Meridian, which demonſtrates the pole to have no elevation 
above the plain,andſothe plain to be /Equino@ial Declining, 
Seventbly, 
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Serenthly, Draw the Line P Q L for the Axis of the 
World, and, becauſe the quinottial Circle is in all parts 
diſtant from either Pole go deg. ſet go deg. from P or L, 
to A; and through Q , draw the Line XQ x, for the A- 
quinoCtial Circle, which is here a ſtrait Line,and being ex- 
tended, would paſs through the Centre of the Meridian, 
and alſo through the Eaſt and Weſt points of the Horizon, 
as it ought to do. 
The Scheme being thus projefted, the four Requilites 
from it are eaſily obtained. For, 
1. To find the diſtance of the Meridian, and the Horizon 
O Þ. The Arch O Þ mealured upon your Line of 
Chords will contain 71 d.53 min. the diſtance required, 

2. The height of the Pole above the Plain (the point P) 
oo deg 00 min. therefore it is an AquinodCtial Declin- 
ing Plain. 

3. The diſtance of the Subſtile and the Meridian, the point 

P alſo. Therefore that, as alſo all the hours, muſt be 
parallel to the Subſtile. 

4. To find the Plains difference of Longitude,Q P B, Lay 

a Ruler from P to B, and it will cut the plain in », 
the diſtance L #2 meaſured upon your Chord, is the 
plains difference of Longitude 24 deg. 19 min. 

Theſe Requilites being thus found, will now ſhew. 


How the Hour-lines are to be drawn upon the Plain. 


Firſt, Draw a Line as B A Cfor the Horizontal Line of 
your plain, and upon any convenient point therein, as up- 
on A, with 60 deg. or the Radius of your Line of Chords, 
deſcribe the Semicircle BD C; * 

Secondly, From your Line of Chords take 71 deg. 53 m. 
the diſtance of the Meridian and Horizon, and fet them 
from B to D, and draw the Line A D for the Subſtile. 

Thirdly Take 24 deg. 19 min. the plains difference of 
Longitude, andſet that diſtancefrom D to E,and draw the 
lineAE. Foxrthly, 
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Fourthly, Divide the Semicircle BD C into 12 equal 
parts at the points © © © &*c. beginning the diviſion at 
the point E. 


A South Plain Declining Eaſt 30 d. Reclining 34 d. 32 m. 
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Fifibly, Through the point O, (or any other point ta- 
ken at all adventures in the Subſtilar Line) draw a Line 
M ON at right Angles (or perpendicular )to the Subſtilar, 
repreſenting the Aquinoctial. 

Sixthly, Lay a Ruler from A, and every of the points 
© © © exc. in the Semicircle, and it will croſs the Aqui- 
no:tial in the points *** exc. 

Laſtly, If through theſe points * ** exc. you draw right 
lines parallel to the Sub(tilar, they ſhall be the true Hour- 
lines belonging to your plain, the hour-line of 12 being that 
where you began to divide your Semicircle, that is, at the 
mark (or *) which was made from the point E, 

For the Stile of this Dial, it may be either a {trait pin 
or Wire, of the juſt length of the line A O, erected per- 
pendicularly upon ſome point of the Subſtile(as at A or O) 
the very top of the ſhadow thereof giving the hour among 
the Hour-lines upon the Dial. oy 
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Or el(e the Stile may be a Plate of Braſs or Iron of the 
breadth of A O, ſet perpendicular to the Plain, upon the 
Subſtilar Line A O D, the ſhadow of whoſe upper edge 
ſhall give the true hour of the day. 


C— 


The Second / ariety. 
CHAP. XXI. 


How to draw the Hour-lines #por 4 South Reclining Plain, 
Declining Eaſt or Weſt, which paſſeth between the Zenith 
and the Pole. 


N this, as in all other Decliners Reclining, three things 
muſt be known, and four mult be found before the 
drawing of the Hour-lines. 


Let the Example be a South Reclining Plain, Declining 
Eaſt 30 deg. and Reclining 20 deg. in the Latitude of 
51 deg. 32 min. London. 


1. Latitude of the place on 2 
Data n Declination South Eaſt 30 ©0 
.3. Reclining South 20 OO 


1. The diſtance of the Meridian and Horizon. 
FRF Y; The height of the Pole above the Plain. 
Ruſs 3. The diſtance of the Subſtile and the Meridian. 

4. The Plains difference of Longitude. 


Firſt, Deſcribe the Circle HAO R, repreſenting your 
Reclining Declining Plain, and croſs it at right Angles, 
with the two Diameters A R, for the perpendicular, and 
H O for the Horizontal Line of the Plain. 


Secondly, 
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Secondly, Take 20 deg. the plains Reclination, out of 
your Chord, and ſet them from A to «, from O to b, and 


from R toc, 
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Thirdly, A Ruler laid from H to a, will give you Z the 
Zenith, and laid from H to b, will give you K the inter- 
ſetion of the Horizon, with the perpendicular line of the 
Plain. And the Ruler laid from H toc, will give you N 
the Nadir,then through the points H, K and O,draw the Ho- 
rizon HK O. 

Fourthly, Take 3o deg. the Plains Declination out of 
your Line of Chords, and ſet themfrom R_ to 4 Weſtward, 
(_ the plain declines Eaſtward) and alſo from O toe, 


0 a Ruler being laid from Z to e,ſhallcut the Horizon mw 
N the 
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the Eaſt point thereof, and laid from Z to d, ſhall cut the 
Horizon 1n S the South point thereof. Thus have youthree 
points Z, $ and N, through which to draw the Meridian 
Circle, which you may extend without the plainto P and 
N, occaſion ſometimes requiring it ſhould beſo. 

Fifthly, Foraſmuch as the Pole of the World is always 
diſtant from the Zenith, equal to the Complement of the 
Latitude of the place, as here'at London 38 deg. 28 min. 
Lay a Ruler from E to Z,andit will cut theplaininh, from 
whence ſet 33 deg. 23 min. to.k. So a Ruler laid from E 
to k, will cut the Meridian (extended) in the point P, the 
North Pole of the World. And a Ruler laid from P to 
Q, ſhall craſs the Meridiax in L, the South Pole, and 
the Line P Q L ſhall bethe Axis of the World. »* 

Sixthly, Take go deg, of your Chords, and fet them 
from k the point, which found the Pole at P to »: Soa 
Ruler laid from Eto #, ſhall cut the Meridian in B,through 
which point, and through the point E, the Aquinochal 
Circle muſt be deſcribed, whoſe Centre will be in the Ax- 
is PL extended,and the manner how to find it, hath been 
ſeveral times already diſcovered. 

The Horizon, Meridian, and /EquinoGial Circles being 
thus deſcribed upon your Plain, by their interſeCtions,and 
diſtances, the four Requilites belonging to this Declining 
Reclining Plain may be obtained. As, 

1. To find the diſtance of the Meridian and Horizon H V. 

The diſtance H V upon the Plain, meaſured upon the 

+ Lineof Chords, will contain 78 deg. 50 min. the di- 

ſtance of the Meridian and Horizon. 

2. To find the height of the Pole or Stile above the Plain 

LC. Set go deg. from c to b, then lay a Ruler from 
b to L, and it will cut the Plain at m,the diſtance from 
c to #9, meafured upon your Chords, will contain 13 d. 
40 min. the height of the Pole or Stile above the 


Plain. 
3. To find the diſtance of the Subſtile from the Meridian 


Ve, 
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V c, meaſure the diſtance Yc upon the Line of Chords, 


os and it will contain 7 deg. 3o min. the diſtance re- 
quired. 

4 4+. To find the Plains difference of T ongitude, B L D. Lay 
a Ruler from L to B, it will cut the Plain in h, fothe 

- diſtance þ O meaſured upon the Line of Chords, will 

&y contain 28 deg. 52 min. the Plains difference of Lon- 
gitude. 

- Thus are the four Requiſlites belonging to this Plain 

F found, and in this Example, two things are very obſer- 

£ vable. 

- 1. Whereas P the North Pole of the World, falls with- 

4 "ont the plain, and the- point L; repreſenting the 
South Pole falls within the plain, it denotes, that the 

_ South Pole mult be elevated. 


[9] 


.. In reſpect that the Line or Arch L c,which is the height 
of the Stile or pole above the plain, 1s but of ſmall 
of Quantity, tz. 13 deg. 40 min. it will from thence 
follow, that the /EquinoGial's Centre will be very re- 
mote, and that the Hour-lines near to the Subſtile 


- will be very cloſe, ſo that in ſmall Dials their diſtan- 
: ces one from another will be inſenlible; and there- 
; fore you may ſave the labour of deſcribing the Aqui- 
* nocial Circle, and be fatisfied in finding of the point 
2 B, by which the plains difference of Longitude is 
found For, in ſuch caſes as this, the Plains diffe- 
K rence of Longitude, the _ of the Meridian from 
: the Horizon, and of the Subſtiles diſtance from the Me- 

ridian, and the height of the Pole above the Plain being 
, gained 3 you may procced to draw the Dial as follow- 
; eth, not much differing from the drawing of the Up- 
| right far declining Dial Chapter VII 


How to draw the Honr-lines upon the Plain. 


Firſt, Draw a right Line 8 B C, forthe Horizontal bins 
2 
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of your Plain, and aſſume any convenient placetherein, as 
for a Centre; upon which point, with 60 deg. of any 
Jarge Line of Chords, | For it is neceſſary, not only in this, 
but for divers other occaſuons, to have ſeveral Lines or Scalss 
of Chords upon your Ruler deſcribe the Arch of the Circle 
A D. Upon this Arch, from A to D, ſer 78 deg. 50 min. 
the diſtance of the Meridian from the Horizon, and note 
the point D, but you need not draw the Meridian Line. 


South Declining Eaſt 30 deg. Reclining 20 deg. 
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Secondl)» 
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Secondly, From D to E ſet 7 deg. 3o min. the diſtance of 
the Subſtile from the Meridiar, the ſame way as you tindit 
to lie in your projection, and draw the Line B E for the 
Subſtile. Alſo, upon the ſame Arch, ſet off 13 deg 40 m. 
the height of the Stile from E to F, and draw the line B 
for the Stile. Which being bur of ſmall Elevation, 7%. 
13 deg. 40 min. ought to be augmented; and therefore(at 
any convenient diſtance (ſuitable to the bigneſs oi your 
Dial-plain) draw a line as G H, parrallel to B F, tor your 
augmented Stile or Axis. 

Thirdly, Through any two points taken at adventure,in 
the Subſtilar line, as K and L, draw two righ lines perpen- 
dicular, or at right Angles to the Subſtilar, as the Lines 
MK N, and O LP. Then from the point K, take the leaſt 
diſtance to the augmented Stile G H, and ſet that diſtance 
upon the Subſtilar K to Q. Alſo from the point L, 
take the nearelt diſtance to the augmented Stile G H, and 
{et that diſtance upon the Subſtilar from L to R. 

Fourthly, Upon the points Q-and-R, as upon two Cen- 
tres, with 60 deg. of any of your Chords, deſcribe two 
Semicircles (or other portions of Circles) and in either of 
them ſet 28 deg. 52 min. from V to T upon one of them, 
and from X to S upon the other. 

Fifibly, Lay a Ruler from Q to T, and it will cut the 
Tangent Line in Y.: Alſo lay a Ruler from R to'S$, it will 
cut the other Tangent line in Z, anda right line drawn 
through the points Y and Z, (hall be the Hour-lineof 12. 

Sixthly, At the points S and T, begin to divide the ſeve- 
ral Semicircles in 12 equal parts or hours, by taking 15 d. 
of your Chord, and ſetting-them from $ and T both ways, 
at the points © © © exc. (o many times as the plain will 
receive Hour-lines. 

Seventhly, Lay a Ruler from the points Q and R, to 
every of the points © © © G&c. in their reſpeCtive Semi- 
circles, and it will croG their (everal Tangent lines in the 
points * ** gc, 

Laſtly, 


94 Geometrical Dialling, 


Laſtly, Through the points * * *, in both the Tangent 
lines, draw right lines, each to his correſpondent, which 
th: Hour-line of 12 will dire&t you how to do, and thoſe 
ſhall be the true Hour-lines of your Plain. 

Fo: the Stile of this Dial, 1t may be either of Wire, or 
Plate, containing an Angle equal to the height of the Pole 
above the Plain, but it muſt be augmented anſwerable to 
the augmented Stile, as you ſee in the Figure, and mult be 
{ct in its proper place upon the Subſtilar line, and alſo per- 
- ——_—_ or ſquare to the Plain, and fo is this Dial finiſh- 
ed. 


_—_ 


The Third Variety. 


CHAP. XXII. 


How to draw the Hour-lines upon a South Reclining Plain, 
Declining Ealt or Welt, which interſets the Meridian be- 
tween the Pole and the Horizon. 


Et the Example for this third and laſt Variety of South 

Declining Reclining Plains, be of a South Plain De- 

clining Eaſtward 30 deg. and Reclining 55 deg. in the La- 
titude of 51 deg. 32 min. viz. London. 


deg. min. 

The Latitude of the Place RS 

Data 3 The Declination Eaſtward 30 ©o 
The Reclination Wo - 


The diſtance of the Meridian from the Horizon. 
The height of the Pole or Stile above the Plain. 
The Subſtiles diſtance from the Meridia. 

The Plains difference of Longitude. 


Nueſita 


Firſt, 
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Firſt, Draw the Circle AH RO, for your Reclining 
Declining Plain, and croſs it with the two Diameters A R 
the Vertical, and H O the Horizontal line of the Plain. 

Secondly, ſet 55 deg. the Plains Reclination from A to 2, 
and from O to b. 


be 
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['T. F. 
Thirdly, Lay a Ruler from H to a, and it will give you 
/, the Zenith, and laid from H to b, it will give you K,the 
point of the Horizons interſection with the Plains Ver- 
tical Line. So have you three points H K and O,through 
which to deſcribe the Horizon of the place H K O. 
Fourthly, Set 3o deg. the Plains Declination fromR to c 
Weltward, (becauſe the Plain declines Eaſtward)and from 
Otod. Soa Rulerlaid from Z toc, ſhall give yous, the 
'interſeCtion of the Meridian with the South point of the 
Horizon. And the Ruler laid from Z tod, ſhall give you E 
the Eaſt point of the Horizon. 
Fifthly, Having the Points $ and Z, through them you 
may 
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may draw the Meridian Circle L S Z P, as hath been al- 

ready ſeveral ways taught, the Centre whereof will fall in 

the Line Q E being extended, 

Sixthly,Lay a RulerfromE to Z, andit will cut thePlain 
in e, from which point e, ſet 38 deg. 28 min, to f, and a 
Ruler being laid from E to f, ſhall give the point P, upon 
the Meridian Circle, for the Pole of the World. And a 
Right Line drawn frog P through Q , ſhall be the Axis of 
the World, and the Subſtilar line of the Dial. 

Seventhly, Sect go deg. from f to þ, (becauſe the /AEqui- 
nottial Circle is in all places go deg. diſtant from either 
Pole, P or L.) So laying a Ruler from E to b, it will give 
you the point B in the Meridan,through which, and E, the 
Eaſt point of the Horizon, the /EquinoSial Circle muſt 
paſs. And may be drawn as in former Examples, the 
Centre thereof being in the Axisof the World,P Lextend- 
ed. 

Theſe three principal Circles, viz. the Horizon, Meridi- 
an and HquinoGial, being deſcribed,” according to their 
true Situations upon the Plain, the fame forementioned Re- 
quiſites may from thence be eaſily deduced, as follow- 
cth. 

1. To find the diſtance of the Meridian from the Horizon 
OC. TheArchO C, meaſured upon the Line of 
Chords, will contain 64 deg. 41 min. The Swbſttles 
daft anc c jor the. Meridian. 

2. To find the height of the Pole or Stile above the Plain 
P D. Set go deg. from D to &, and lay a Ruler from 
£to P, it willcut the Plain in »z, the Arch D zz mea- 
ſured on the Line of Chords, will contain 19 deg. 
25 min. The beight of the Stile. 

3. To find the Subſtile's diſtance from the Meridian C D. 
This Arch meaſured, will contain 6 deg. 2 min. The 
diſtance of the Subſtile from the Meridian. 

4. The Plains difference of Longitude BPQ. A Rulerlaid 
from P to B, will cut the Plain in k, So the diſtance 


FA 
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F kh meaſured, will be 17 deg. 38 min. The Plains 
difference of Longitude. 

Thete requiſites being thus found, you may proceed to 
draw the hour-lines in this as in other Plains. Firſt, by 
_ a Ruler upon P the Pole of the World, to B, in the 
interſection of the Meridian and /EquinoGial, which will 
cut the Plain in 4, at which point, _ to divide the Se- 
micircle into 12 equal parts, And fromQ, to each of 
them, lay a Ruler crolling the /EquinoGial Circle, and di- 
viding that into 12 unequal parts, to which unequal parts 
of the /Equino#ial, a Ruler laid, it will divide the Plain 
into 12 other ynequal parts, through which, and the Cen- 
tree Q, right lines being drawn,they ſhall be the true hour- 
lines. proper for the Plain. 

But in this Example, the Elevation of the Pole or Stile 
above the Plain,being but of an indifferent Elevation,v1z. 
19 deg. 25 min. you may (if you pleaſe) draw the Hour- 
lines by one Tangent line, and the Centre, as was ſhewed 
in the Second Variety of Direct South Reclining Plains ; 
and as here followeth. 


How to draw the Hour-lines wpon the Plain. 


Firſt, Upon your Plain,towards the bottom thereof (be- 
cauſe the North Pole is here elevated) draw a right line 
A B, parallel to the Horizon, and aſſume A for the Centre 
of your Dial, upon which point, with 60 deg. of your 
Chord, deſcribe an Arch of a Circle B E, upon which from 
B, ſet the diſtance of the Meridian and Horizon, 64 deg. 
41 min. to C, and draw the line A C for the Hour-line of 
12. Alſo, upon the ſame Arch from C'to D, ſet 6 deg. 
2 min. the — of the Subſtile from the Meridian ; and 


draw the line A D for the Subſtilar. Again, upon the ſame 
Arch, ſet off 19 deg. 25 min the height of the Stile from 
D to E, and draw the Line D E for the Axis of the 
Stile. 


O Secondly, 
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A South Plain Declining Eaſtward 3o deg. and Re- 
clining 55 deg. 


B AIR E HG A 1 ves ik 


> 


i 
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Secondly, Upon any part of the Snbſtilar Line, aſſume 
any point at pleaſure. As F, through which draw the right 
line G F H perpendicular to the Subſtile. 

1hirdly, From the point F, take the nearc(t diſtance to 
the Axis of the Stile, and ſet that diſtance upon the Sub- 
{tilar Line from F to O, and upon the point O with 
60 deg. of your Chord, deſcribe the Semicircle M L N. 

Fourthly, Lay a Ruler from O toK (the point where the 
Tangent (or /Equino@ial line) crofleth the Meridian ) and 
the Ruler will cut the Semicircle in L, at which pointbe- 


g10N 
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gin to divideitinto 12 equal partsinthe points © © © 5c, 

Fifthly, Lay a Ruler from O the Centre of the Semicir- 
cle tothe ſeveral points © © © in the Semicircle, and the 
Ruler will cut the Tangent line in the points * * * 4c; 

Laſtly, If fromthe Centre A,through theſe points*** eh. 
you draw right-lines, they ſhall be the proper Hour-lines 
belonging to your Plain. 

For the Stile it may be either of Plate or Wire, elevated 
above the Subſtile to an Angle of 19 deg. 25 min. and ſet 
up perpendicularly upon the Subſtilar, as in all other Dials. 
And thus havel done with all the Varieties of South De- 
clining Reclining Plains. 
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IT. Of North Recliners. 
The Firſt Variety. 
CHAP. XXIL 


How to draw the Hour-lines upon a North Reclining Plain, 
Declining Eaſt or Weſt, which cutteth the Meridian at 
the InterſeFion thereof with the Aquinoctial, 


Et the Example be of a North Plain Declining to the 
Weſt 60 deg. and Reclining from the Zenith 32 deg. 
11 min. in the Latitude of Londor 51 deg, 32 min. 


deg. min. 

1, Latitude of the Place gs 28 

Data n Declination of the Plain North Welt 60 oo 
3. Reclining North $9 3y 


O 2 DQudſita 
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1. The diſtance of the Meridian and Horizon. 
2. The heightof the Pole or Stile above the Plain. 
Rueſta I 2. The diſtance of the Subſtile and the Meridian, 


4. the Plains difference of Longitude. 


deg. min. 


Declining Weſt 60 ©0 
North —_—_ =! 
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Firf, Deſcribe the Circle AH CO, for the Declining 
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Reclining Plain ; croſs it at right Angles with the two Dia- 
meters H O for the Horizontal, and A C for the Vertical 
line of the plain. 

And here forVariety, more than for neceſlity, in theſe 
three following Examples of North Recliners Decli- 
ning, I will (in the ſeveral Schemes) place the Zenith 
and pole down wards, becauſe the Stile in all theſe 
Dials muſt point apwards, the North pole being al- 
ways elevated, and in ſo doing, the Hour-lines, Stile 
and Subſtile will (tand in the Scheme as they are toſtand 
in the Dial. and the manner of Work will be the 
ſame as before. Wherefore, 

Secondly, Set 32 deg. 11 min. the plains Reclination, 
from O to a, and from C to b. A Ruler laid from H to a, 
{hall give you the point B,through which, andthe points H 
and O, the Horizon H BOisto be deſcribed. And a Ruler 
laid from H to-b, ſhall give you Z the Zenith point. 

Thirdly, Set 60 deg. the plains Declination from A to d, 
a Ruler laid from Z the Zenith, to d, ſhall cut the Horizon 
m $ the South point thereof. Thus have you two points 
Z and S,through which to draw the Meridian, whoſe Cen- 
tre will be in the lineQ E extended, and may be found as 
formerly is taught. 

Faoxrthly, The Horizon and Meridian being thus drawn, 
lay a Rulerfrom E to Z,and it will cut the Plain in e, and 
ſeeing the pole 1s 38 deg. 28 min. diſtant from the Zenith, 
ſet 38 deg. 28 min. from e to F,and a Ruler laid from EtoF, 
will cut the Meridian in P the Pole of the World, 
through which point P, and the Centre Q , draw the line 
P Q for the Axis of the World, and Subſtile of the Dial. 
And again, becauſe the Aquinodtialis go deg. fromthe Pole, 
ſet go deg. from F, and they will reach juſt to & or £onei- 
ther (ide, which are the very points that the plain cuts the 
Meridian in, and through which points, and the pont E,in 
the Horizon,the XAquinodial Circle mult paſs; whoſe Centre 
will always bein the the Axis of the World P a——_ 

c 
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The Horizon, Meridian and /EquinoGial being thus drawn, 

you may find the four Requiſites in this manner. 

' 1. To find the diſtance of the Meridian from the Horizon 
M O. The Arch X# O meaſured by your Line of 
Chords, will be found to contain 47 deg. 18 min. 
which 1s the Subſtiles diſtance from the Meridian- 

2. To find the height of the Pole or Stile above the Plain 
P F. A Rulerlaid frome to P, will cut the Plain in O, 
ſo the diſtance F O 42 deg. 52 min. 1s the height of 
the pole above the Plain. 

3. The diſtance of the Subſtile from the Meridian & G, 
which meaſured upon your Chord, will be found to 
contain juſt go deg. 

4. The Plains difference of Longitude G P &, or the Arch 
£ G, as before alſo go deg. juſt. 

In this Scheme two things are remarkable. 

I. The Plains cutting the Meridian in its interſeCtion, 
with the AquinoCtial. And, 

2. The Axis of the World paſſing through the Eaſt point 
of the Horizozr , both which denote the Plain to be 
polar Declining, and the Subſtile to be the ſame with 
the Hour-line of 6. And the Hour-line of 12 at right 
Angles thereto, wherefore the Hour-lines may be 
drawn, as followeth. 


To draw the Hour-lines upon the Plain. 


Firſt, Lay a Ruler fromP to X, where the Meridian 
and /EquinoGial 1nterſct, which 1s upon the plain at the 
very point /, wherefore there begin to divide the Semi- 
circle A G #2, into 12 equal parts at the points © © © exc. 

Secondly, Lay a Ruler toQ, and every of the points 
© © © ec. and it will cut the Xquinotaal in the points 
*** exc. dividing that into 12 unequal parts. 

Thirdly, A Ruler laid toP,and Calan points * * * gh, 
1n the Aquinoctial, will cutthe plain in the marks | | | e*c. 


Loſt, 
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Laſily, ARulerJaid fromQ to theſeveral marks [|] &c. 
and ſtrait lines drawn thereby, thall be the true Hour-lines 
fitting this polar Decling Plain. | 

For the Stile, it muſt bea Plate or Wire ſet upright up- 
on the Subſtilar to an Angle of 42 deg. 52 min. and mult 
point upwards to the North Pole. 


The Second V/ ariety. 
CHAP. XXIV. 


How to draw the Hour-lines pox a North Reclining Plain, 
Declining Eaſt or Weſt, the Plain paſſing through the Me- 
ridian, between the Zenith and the Aquinoctial. 


N this (as in the former Examples) three things mult be 
given, and four found, betore the Hour-lines can be 
drawn. 


| deg. min. 

r. Latitude of the place 5I + 32 

Data 3. The Declination ofthe Plain North W. 60 co 
3. The Plains Reclination 16 oo 


2, The height of the PoleorStile abovethe Plain, 
3. The Subſtile diſtance from the Meridian. 
4. The Plains difference of Longitude. . 


; 1. Thediſtance of the Meridian from the Horizon. 


Firſt, Deſcribe the Circle A H CO for the plain, and 
croſs it with the Diameters AC, and H O,for the Hortzon- 
tal and Virtical lines thereof. 

Secondly, (As in the laſt Example, ſet 16 deg. the _ 

ecli- 
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A North Dial {per inins We 


| 


YL. — 


Reclination, from O to a, and from C to b, a Ruler laid 
from H to 2, ſhall give the point B. through which, and 
the points H and Q, the Horizontal Circle H BO is to be 
deſcribed. Alſo a Ruler laid from H to b, ſhall find the 
Zenith point of Z. 

Thirdly, 
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Thirdly, Set the plains Declination 60 deg. from Ato d, 
and from H to e : So a Ruler laid from Z to d,ſhall cut the 
Horizon 1n S the South, and laid from Z to e, ſhall cut it 
in E the Eaſt point thereof; and now having two points Z 
and S, through them you may draw the Meridian Circle, 
as hath been already taught. 

Fourthly, Lay a Ruler from E to Z, it will cut the Plain 
in F, and 3o deg. 28 min. the Complement of the Latitude 
of the place, ſet from F tof, and a Ruler laid from E to f, 
will cut the Meridian in P the pole of the World, and god. 
more, being ſet forward from f to v, and a Ruler laid 
from E to #9, will cut the Meridian in X, the ZquinoGtials 
interſeftion with the Meridian ; fo have you two points A 
and E, through which the /EquizoGial Circle mult paſs,and 
a right line drawn Sprough P the pole of the World, and 
Q the pole of the Phin, will be the Axis of the World,and 
the Subſtilar line of the Dial. 

Theſe three Circles, viz. the Horizon, Meridian, and FE- 
quinoial being deſcribed, the fore-mentioned four Requi- 
tites may from thence be eaſily obtained. For, 

I. The diſtance of the Meridian from the Horizon, is the 

Arch F H, 64deg. 29 min. 

2. The height of the Pole or Stile above the Plain PR, A 
Ruler laid from & to P, will cut the plain 1n » : So 
the diſtance R # meaſured, will be found to be 3o d. 
59 min. 

3. The Subſtiles diſtance from the Meridian is the Arch 
I'M, 64 deg. 26 min. 

4. The Plains difference of Longitudeis the Angle A PQ, 
which to find, lay a Ruler from Pto A; and it will 
cut the plain in D, the diſtance D I meaſured upon 
the Lineof Chords, will give 76 deg. 10 min. for the 
Plains difference of Longitude. 


To draw the Hour-lines upon the Plain. 
P Firſt, 
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Firſt, Lay a Ruler upon P the Pole of the World, and 
Z, the inter{ſeQion of the Meridian with the Horizon, and 
It will cut the plain in D, at which point begin to divide 
the Semicircle £ I #2 into 12 equal parts, at the points 
© © © &he. 

Secondly, Lay a Ruler fromQ_to the feveral points 
© © © eFc. and it will divide the Xquinottial Circle in- 
to 12 unequal parts in the points * ** exc. 

Thirdly, A Ruler laid from P to every of theſe uncqual 
parts *** gc, will cut the plain in theſe marks | | | ec. 
dividing that into 12 other unequal parts. 

Laſth, If you draw right lines from Q , through every 
of theſe marks | ] ] &&c. they ſhall be the true Hour-lines 
belonging to your Plain. 

The Stile may be either of Wire or Plate as in other 
Dials, and mult be elevated above the Subſtile,to an Angle 
of 30 deg. 59 min. and mult {ſtand ſquare, or at Right An- 
gles to. the plain. 


The Third Variety. 


CH AP. XXV. 


How to draw the Hour-lines upon a North Reclining, or In- 
clining Plain, Declining Eaſt or Weſt, which mterſe7: 
the Mcridian between the Aquinottial and the Horizon. 


i Et this third and laſt Example of North Recliners De- 
4 _ clining, be of a North Plain, Reclining 54. deg. and 
Declining Weſtward 60 deg. in the Latitude of 
51 deg. 32 min. 

This being the third and laſt Variety of Declming Re- 
clining plains, I ſhall be ſomewhat the larger in the proje- 


Ction thereof,than I have been inany of the foregoing 3 _ 
ut 


ndon 
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but that this Dial is tobe made in all reſpetts like(and with 
the ſame eaſe) as the former. But herein I ſhall ſhew at 
large the manner of projeQion, and how all the Centres are 
Geometrically found, and the reaſons of their being in ſuch 
and ſuch lines, and at ſuch and ſuch diſtances. And alſo, 
I ſhall project all the Hour-lines belonging to the Plain 
upon the Plain it ſelf by circular Lines, by which means 
the Reader may attain to a more competent knowledge 
in what hath been heretofore in this Treatiſe delivered. 
For from this proje&ion following, all the aforeſaid hath 
been deduced. And therefore I ſhall deſcribe the manner 
of the delineating of this Dial, according to the following 
Propoſition. 


PROPOSIELON 


A Circle being deſcribed, repreſenting a Declining Reclining 
Dial-Plain; how thereon to place the Meridian, Horizon, 
AquinoQial, Pole, Zenith, &c. with all other Requiſites 
belonging to ſuch a Dial. And alſo, to proje the Meridi- 
ans of the Sphere it ſelf upon the Plain, and from thence 
10 draw the Hour-lines »por the Dial-plain, according to 
their true Situation. 


Et the Circle HSO B, repreſent a Dial-plain in the 
I Latitude of London 51 deg. 32 min. Declining from 
the North towards the Weſt 60 deg. oo min. and Recli- 
ning from the Zenith Northward 54 deg. oo min. 

Eirſ, Croſs the Circle with the two Diameters H O, 
and $ B, cutting each other at Right Angles in the Centre 
Q. And becauſe the plain reclineth 54 ©: 30 min. take 
54 deg. 30 min. out of your Line of Chords, and fet that 
diſtance upon your plain, frm$ to a, from O to b, and 
from B to ce; Then lay a _ from H to 4, and it will =_ 

2 t 
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the Line SBin Z, fo ſhall the point Z be the Zenith of the 
lace. 

d Secondly, Lay a Ruler from H to 6, it will cut the Line 
S Bin k, ſo ſhall & be a point inthe lineS B, through which - 
the Horizon ſhall paſs: And thus having three pointsH k O, 
you may through them deſcribe the Horizon, whoſe Centre 
will be at z2, the diſtance »- k being equal to the Secant of 
the Complement of the Reclination of the Plain; namely, 
36 deg. Or Geometrically thus. Draw the right line 
& O, which divide into two equal parts in z, and upon the 
point #, raiſea perpendicular # #2, extending it t1]] it eut the 
line S Bin 2», ſo ſhall zz be the Centre of the Horizontal 
Circle H kO. 

Thirdly, Lay a Ruler from H to c,it will cut the line SB 
(being extended)in the point N,fo ſhall N be the Nadir point. 

Fourthly, Becauſe the Plain declines 60 deg. from the 
North Weſtward; ſet 60 deg. fromB tad, and laying a 
Ruler to Z the Zenith, (which is alſo the Pole of the Hori- 
zon)to d, it will cut the Horizon in S,through which point 
the Meridian muſt pals. 

Fifthly, Take (always) 9go deg. of your Chord, and ſet 
that diſtance from d to e, and laying a Ruler from Z toe, it 
will cut the Horizon in W the Welt point thereof, and a 
line drawn from W, through Q the Centre of your plain, 
will cut the Horizon (if you extend it as here 1s done) in 
E, the Eaſt point thereof, and in ſome part of thisline (cx- 
tended if need require) will the Centre of the Meridian be; 
and where that point will fall may be thus found, 

Sixthly, Divide the line Z N into two equal parts in F, 
and upon F erett the perpendicular F D, cutting the Line 
Q W (extended) in D, fo ſhall D be the Centre of the Me- 
ridian of the place. 

Seventhly, If with your Compaſles you take the diſtance 
D P, and with that extent upon D,as a Centre, deſcribea 
Circle, you ſhall find that Circle exa&tly to pals through the 
reſpeQive points Zand N,if there be no formererrour com- 
mittedin your work. Eighthly, 
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Eighthly, Becauſe the height of the Pole above the Ho- 
rizon, is equal to the Latitude of the place, viz. at Lon- 
don 51 deg. 32 min. ſet off 51 deg. 32 min. upon the Me- 
ridian from Sto P, in this manner. 

Ninthly, Lay a Ruler from W, the Weſt point of the 
Horizon, (which is alſo the Pole of the — toSand 
it will cut the Plain in þ,then ſet 51 deg 32min. from htof. 
A Ruler laid from W to f, it will cut the Meridian in P, 
ſo is P the Pole of the World, diſtant from Z the Zenith, 
38 deg. 28 min. and a Line drawn through P the Pole of 
the-World, and Q the Centre of the Plain, will be the 
Axis of the World, and (extended) will cut the Meridian 
in M the South Pole. 

Tenthly, The Meridian and Horizon being thus drawn, 
it is ealie to deſcribe the /tquinoGial, for if you conſider 
the poſition of that Circle in the Sphere it (elf, you know 
that it always paſſes through the Eaſt and Welt points of 
the Horizon, and cutteth the Meridian at right angles, it 
being in all places go deg. diſtant from either of the Poles. 
Wherefore, if upon W, (the Pole of the Meridian) you 
lay a Ruler to P, the Pole of the World, it will cut the 
Plain in f, and if you ſet go deg from ftog, and lay a 
Ruler from W to g, it will cut the Meridian in Z, ſo have 
you three points,through which the Aquinoctial muſt paſs, 
namely E and W, and the Centre of the Xquinottial will 
always bein the Axis of the World,extended it need require. 
To find which, you mult, 

Eleventhly, Divide the LineW E into two equal parts in 
G, and from the point G,upon the line E W, erett the per- 
pendicular G K, cutting the Axis of the World in K, fo 
ſhall K be the Centre of the AquinoQtial, wherefore, if 
upon K as a Centre, with the diſtance K W, you deſcribe 
a Circle, that ſhall be the ZXquinottial, and (if your work 
be true) ſhall paſs through the points E Aand W: Then 
for the dividing of the Aquinodtial, 


Twelfthly, 
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Twelfthly, Lay a Ruler to P the pole of the World, 
(which is alſo the pole of the AquinoGtial)to Z, theinter- 
{c(tion of the Meridian and Aquinoctial,and it will cut the - 
plain in the point 12 at which point you mult begin todi- 
vide the Circle repreſenting your Reclining Declining 
plain into 24 equal parts at the points © © © exc. This 
done, lay the Ruler to the point P, and every of the 24 e- 
qual parts © © ©, and you ſhall find it to cut the Aqui- 
notial Circle in the points * ** * ec. dividing that Cir- 
cle into 24 uncqual parts, through which unequal parts, 
and the two poles of the World P and M, muſt all the 
Hour-Circles paſs. For the deſcribing whereof you 
mult, 

Thirteenthly, Divide the line P M into two equal parts 
in the point L, | or, trom the point D, the Centre of the 
Meridian, lct fall a perpendicular upon the Axis of the 
World, which will fall in the fame point L, J and through 
the point L, draw an infinite right line at right angles to 
P M, namely, the Line C T,ftor 1n thatline will the Centres 
of all the Hour-circles be found, and the manner how to 
find them, is thus (one way ) to be effefted. 

Fourteenthly, Upon the point P as a Centre, at the di- 
ſtance PL, [or to any other Radius of a Line of —_— 
deſcribe the Semicircle X L V, and divide it into 12 equa 
parts at the points **** &«c. beginning your diviſion at the 
point ], which is, where the Ruler being laid from P toD 
(the Centre of the Meridian) cuts this Jaſt drawn Circle. 
Then laying a Ruler from P, upon each of theſe diviſions, 
you ſhall find it tocut theline CT inthe points 15,30,45, 
60, &&*c. on either (ide of the point D. And here note,that 
I5 is the Centre of the firſt hours diſtance from the Meri- 
dian oneither fide thereof, 3o the Centre of the ſecond,and 
45 of the third hours diſtance from the Meridian, ec. 

Fifteenthly, If you place one foot of your Compaſles up- 
on 15,and extend the other to P the Pole of the World,and 
with that diſtance deſcribe a Circle, that Circle ſhall - 
tne 
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the firſt hour from the Meridia, and (if your work be 
true )(hall paſsthrough M the South Pole,and alſo through 
© ©, the two firſt unequal diviſions of the Aquino&tial Cir- 
cle, and ſo all the reſt. 

Laſily, If from Q the Centre of your Plain, and the re- 
ſpe&ive points where the Hour-circles cut the Plain, you 
draw ſtrait lines, thoſe ſhall be the true Hour-lines proper 
for ſuch a Declination and Reclination, as you formed your 
projection for. 


Now the Requiſites belonging to this, and the like Declining 


Keclining Plains, are, 


deg. min, 

I. The height of the Pole above? (PA 934 43 
the Plain. 

2, The.diſtance of the Meridian ns 29 
and Horizon. -4.veof } 

3. The diſtance of the $ubſtile ? ſented (TA 0 4 
from the Meridian. by 

4. The Angle between the two APR 61 47 
Meridians. 3 L 


All which may be meaſured upon the projeftion, and (o 

their quantities found. As, 

1. To find P A, Lay a Ruler from ÞP to w, where the 
/EquinoFial and the plain do interſect, and the Ruler 
will cut the plain on the other fide at x, ſo A x mea- 
ſured upon the Line of Chords, will be 54 d. 43 m. 
the height of the pole above the Plain, [or Þ Q mea- 
ſured upon a line of half Tangents, will contain 35 d. 
I7 _ the Complement thereof. 

2. To find HT, the arch HT meaſured upon the Lineof 
Chords, will give 53 deg. 31: min. the diſtance of the 
Meridian from the Horizon. 

3- TotindP A,the Arch I A meaſured upon the Line of 

Chords, 
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Chords, will give 56 deg. 41 min. the diſtance of the 
Subſtile from the Meridian 

4. To find £ PQ, Lay a Ruler to P the Pole of the 
World, and A the interſe&tion of the Meridian and 
the /Equinottial, and it will cut theplain in6,the arch 
6B, mcaſured upon the Line of Chords, will be found 
to contain 61 deg. 47 min- which is the Angle between 
the two Meridians. 

Thus have you in this Scheme delivered the true and ge- 
nuine way of delineating of Sun Dials deduced from the 
Sphere it {cIf, by which the reaſon of all that hath been be- 
fore delivered, is rendred obvious, and ſufficiently demon- 
ſt:ative for this place. But here you ſee that the Centres 
of the Meridians or Hour-circlesfall out to be very remote, 
and that therewill be required a large Tangent line for their 
deſcription,which will (for the —_ part )run out very far, 
and ſometimes, almoſt to an mfinite excurſion. I therefore 
choſe rather to ſhew how the Hour-lines might be drawn 
without having any regard to this Tangentline,or without 
projeting of the Hour-lines upon the Circular-plain, and 
therefore the ways before delivered are far more apt for pra- 
ice than this, though this be more ſatisfatory to the in- 

uiſitive Reader, who will not be ſatisfied only with the 

oing, but of the underſtanding as well of what he does, 
and it is for the ſatisfation of ſuch, that I have here added 
this Propoſition. 


CHAP. XXVIL 


Concerning Inclining Plains, both Dire and Declining. 


F Reclining Plains there are but two ſorts,as hath been 
before inſtanced, and thoſe are either Dire# or De- 
clining. The Dire@ are thoſe Reclining Plains which do 
diretly behold the Eaſt, Weſt, North, or South pointsof the 
Horizon, 
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Horizon, And the Decliners are thoſe which (beſides their 
Reclination from the Zenith) do reſpect two of the fore- 
mentioned Cardinal points, as, 

(1.) The South and the Weſs. 

(2.) The North and the Weſt. 

(3.) The South and the Eaſt. 

Or, (4. The North and the Eaſt. 


Firſt * South c 
The 2S<cond, fortare North declining Welt Reclin; 
© Third _ South —_— 
Fourth NorthFdeclining Eaſt 

I alſo before intimated, and gave Examples, that of di- 
ret Recliners, there were three forts, viz. 

1. Such as Reclining from the Zenith, do beholdeither 
the due Eaft, or due Weſt points of the Horizon; and of 
this ſort there is only one kind,and no Variety in any caſe,---- 

2. South Recliners, of which there are three Varieties.---- 

And 3. North Recliners, of which alſo there are three 
Varieties, 

Again, of Reclining Declining, 1 told you there were ſix 
Varieties alſo, as there wereof Dire Recliners, viz. Three 
of South Declining Plains Reclining, and as many of North 
Reclining Declining Plains; of all which I have given Ex- 
amples, and it may be now expected that I ſhould do the 
like for the Inclining Plains oppoſite to them, of which 
there are alſo as many Varieties, but ſeeing that the making 
of the Reclining Dial, whether Direct or Declining doth 
alſo make the Inclining Dial, whether Direct or Declining 
oppolite thereunto, l thall ſave the labour, and commend 
to the ingenious Reader ſome few Rules by which he ſhall 
ealily frame the Inclining Dial out of the Recliner, And, 


Q 1. Of 
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I. Of North and Sonth Incliners. 


TI will take for Ex- A_T® MT OC RO 0 B] 


ample a South Plain & | 

Reclining 55 deg. | NV MY | 

which is the Third ENAOL 

Varicty of —_— 7 VIKl | Fg 

cliners, and I woul AT | 

from that deduce the k Q Po Wi ; of 

Hour-lines proper for \ t : 

a North plain Inclin- South "Wy Ace rIng 

ing as much, viz. 55 | N | | 

deg. And'it is ealily F---— —_—_— [6- 
; Guboing | | 

/ 


It you draw the 
Hour-lines of the 
South Recliner 6 A 


effeted. For, | | Aarti 
B6, and the Stile | 
| 


thereof alſo, quite |F Ns 
through the Centre | \HULDED 
Q, to the oppoſite / TYTY \ | 
part ofthe Plain, 6.C a [|] | \ 2 
D 6,and ſet theſame C__4+__3 711219: 8 0 


numbers to the hours on the right hand in the Recli- 
ner, and the contrary, as the Figure clearly .demonſtrates - 
And let the Axis in the North Incliner point downwards 
to the South Pole, as the Axis in the South Recliner doth 
upwards to the North Pole, and your Dial js finiſhed. .Or 
you may effect this work by pricking off the Hour-lines 
through the Paper, and turning it upſide down, and that 
will cftect the ſame thing, only changing of the names of 
the hours. Or again, if you turn the South Reclining 
Plain, 6 A B 6 about, upon the Centre Q , «till the Line 
AB come to be in the place of CD, then will the Hours, 
Stile and all, be truly named and poſited ; and the very 
South Recliner will now become the North Incliner with- 
ut any Alteration. 


I Of 


IS -- OY GY wr. y HY WO TS 


 . 
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I I. Of Eaft and Weſt Incliners. 


There 1s little difference indrawing of the Eaſt or Weſt 
Inclining Dials from the Reclining Dials oppoſite to them, 
than there was of drawing of the North Incliner before, 
from the South Recliner: For, 

In the Example of the Eaſt and Weſt Reclining and In- 
clining Dial, betore going Chapter 10. The Dial as It 
there itands, repreſents an Eaſt or Weſt Reclining Plain. 
But it youturn the Dial about upon the CentreQ,, till the 
letter N come to be in the place of the letter S, in that Fi- 
gure, then will the ſame Dial repreſent both an Eaſt and 
Welt Dial Inclining 35 dey. as now it dothan Eaſt or Welt 
Reclining as much. The Subſtile, Stile, Meridian, and the 
relt of the Hout-lines retaining the ſame names or deno- 
minations, as now they do, 


ITI. Of North or South Declining Inclining Plains. 


Of North and South Reclining Declining Plains, there 
were Six Varietics, Examples of each have been largely gi- 
ven. There are as many of North and South Incliners, but 
ſeeing they may beſo eaſily deduced out of their oppolite 
Recliners, I ſhall forbear giving examples, and the way is 
not much differing from the Rules before given for Diret 
Reclining and Inclining Plains. For ſeeing the Reclinati- 
on is alike proper to each, and the Deflexion of the Sub- 
ſtile from the Meridian in the Declinations do fo diredtly 
agree, they may both be reduced to one and the ſame Dial 
as the other were. 

Thus, If any Reclining Dial be fo inverted, that the up- 
per part thereof, become the nether, and after this inverſion 
the right (ide of the Recliner, becomethelett (ide of the [n+ 
cliner,and the contrary, the Inclining Dial having the ſame 
deelination,ſhall be framed. out of the Recliner,and the con- 
trary. Only the denominations of the Hours mult be chang- 
ed. For the Forenoon hours in the Recliner, will be the 
Afternoon hours in the Incliner, and the Afternoon hours 
of the upper Dial, the Forenoon hours of the nether. 


Q 2 CHAP. 
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CH AP. XXVIIL. 


A General Rule to know which Pole, whether the North or the 
South 7s to be elevated over any Plain. 


He Stile of every Dial reſpecteth (or rather lieth pa- 

rallel with)the Axis of the World,and always point- 

eth upwards or downwards, to one of the Poles. Now 

when you have drawn your Dial (though truly) you may 

be to ſeek, whether it it be the North or the South Pole 

that muſt be elevated; wherefore to avoid any miſtake, 

and toinform you which Pole is to be elevated. Obſerve 
this General Rule. 


Upon all Upright Plains, c South South 
whether direct or de- Cid the Cole 
clining, upon the North North 


and Weſt \ the | Pole. 


Upon all Eaſt mx North] 
Inchners ; | South | 


{North Recliners? whether ] North] 
> Direct or ? Pole. 
\ South Incliners ; Declining} South } 


Upon all 


South Re- _- YCifthe Zenith 7, 1 South 
Up-Ycliners —_ Plain the 


dire&t ' 
on >< pals be- =-Nadir North >Pole. 
all /North In- - -_ "y 
cliners ing Horizon South 


This Rule being duly obſerved,there will be no difficulty 
to find which Pole is elevated. 


A Second 


4g 


| Second Way 
| DIALLING. 


GEOMET RICALLY Performed. 


PART II. 


N the foregoing Firſt Part, you have a moſt abſolute 

and pertc& way of delineating of Sun-Dials upon all 

ſorts of Plain Superficies in what poſition ſoever lituate, 

and in any Latitude, whether the Plains be DireF, or do 

Decline, or whether they both Decline or Recline : And al- 

ſo you may there hnd, not only the manner how to make 

Djals, but to know the Grounds and Reaſon of Dials, de- 

duced from the Sphere or Globe projected in plano, upon the 

Dial-Plains Superficies. 

But nes 1” a the ExaCtneſs and Rationality 

of delineating of Hour-lines upon all Plains, and in 

all Places, as is before taught; yet the ways there 

f delivered, may (in ſome caſes, at ſome times) be found 
inconvenient to put in praQtice: As (1) When the Cer- 
tres of ſome of the Circles fall out to be very remote. 
(2) When. 
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(2) When the unequal Diviſions of the ZEquinoTial Cir- 


cle come very near or cloſe together, which they will al- 
ways do, whca the Pole hath but ſmall Elevation above 
the Plain, aiid ſuch like. For the. removal of which In- + 
conveniencies, I ſhall in this Second Part add another Geo- 
metrical Way of Dialling, which ſhall be both Plain,Eaſie, E x- 
at,and of Quick diſpatch 3 and all of it performed by (trait 
Lines, and not by Circular Lines, as the former way re- 
quires. And moreover, this Second Way hath a Conveni- 
ence, which molt other Geometrical ways of Dialling are 
culpable of, namely, to out-run the Limits of the Plain, 
by almoſt infinite Excurſions : For in this way, having 
fir{t made a Preparative Scheme upon Paper (or Paſtboard 
rather) you ſhall have very few Lines to draw upon the Di- 
al-plain but the Hour-lines themſclves. 

In this Second Way, I ſhall be brief , beginning firſt to 
ſhew how to deſcribe the Hour-lines upon QOpright Decli- 
ning Plains; referring the delineation of Hours upon the 
Horizontal full North South, Faſt and Weſt Plains (whether 
Upright or Reclining) till afterwards: And the Reaſon for 
my ſo doing, will of it ſelf appear, when I ſhall come to 
treat of them. Wherefore to proceed, 


Section I. 


How to draw Hour-lines upon an Upright South Plain Decli- 
ning from the South towards the Weſt 20 deg. in the Lati- 
tude of London 51 deg. 32 min. 


Aving the Latitude of the Place, and the Declination 
H of your Plain given, before you come to draw the 
Hour-lines upon the Plain, you muſt firſt draw your Pre- 
parative Scheme, as followeth, 


I. How 


s wmws ww a a3RSTD 4 
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I. How to draw 4 Preparative Scheme ſuitable to any 
Declination in any Latitude. 


Firſt, With 6odeg. or the Radius of your-Scale of 
Chords, deſcribe the Quadrant of a Circle A BD, exten- 
ding the {ide B A to C, ſo that A C be equal to A B: And 
then draw the right line D C. 

: Secondly, On the point B, erect the perpendicular 

Ht. 

Thirdly, Take 51 deg. 3o min. (the Latitude) out of 
your Scale of Chords, and fet them from B to F, and from 
D to G, and laying a Ruler from A, to F and G, draw the 
two Lines F K, and G I. 

Fourthly, From the point G, draw the Line GH, paral- 
Ic] to D A, or perpendicular to B A. 

Fifihly, Take 20 deg. (the Plains Declination) out of 
your Scale of Chords, and ſet them from D to E, and 
through the point E, draw the Linc E L, parallel to 


Sixthly, With 60 deg. (or the Radius of your Scale of 
Chords) taken in your 'Compaſles,ſct one foot 1n the point 
D, and with the other deſcribe:the Arch A O, which di- 
vide into three equal parts, in the points P and Q , forthe 
whole'hours, each of which three Hour-ſpaces AP, PQ, 
and'Q O, divide into four cqual parts at ** , ***, ** *, 
for halts and quarters of hours. "Which done, it youlay a 
Ruler to the point D, and the points P and Q , the Ru- 
ler will cut the Line A Cin thepoints 2 10, and 1 11,and 
by thele points the Line A'C is divided-into four unequal 
parts in the points /39, 2 10, 1'11and 12, repreſenting three 
hours. And if from D,you lay aRuleroverthe ſeveral points 


*** ec. they (hall divide'the (everal ſpaces in the Hour- 


line AC into four unequal parts for halts and Quarters of 
Hours. And thus is your Preperative Scheme lo far finiſhed. 


\Wherefore now let us proeced, X 
I. I's 


> — 


—— 
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I. To draw the Meridian, Stile, Subftile, and Hour-lizes 
upon the Plain it ſelf. 


Firſt, Upon your Dial-plain, draw a Right Line asST, 
for the Meridian, and Hour-line of 12. Upon which, aſ- 
ſign any convenient point, as R, for the Centre of your 
Dial; through which point R, draw the Line R W, per- 
pendicular tos T. | 

Secondly, Out of your Preparative Scheme take the Line 
B K, ard (ct it upor your Dial-plain, from R to T; alſo, 
from the Preparative Scheme, take B I, and ſet it on your 
Dial-plain from R to W, on the right hand, becauſe the 
Plain declineth Weſt, and from T to V, make the Redct- 
angled Parallelogram R W T V on the Eaſt fide. 

Thirdly, Out of the Preparative Scheme, take the Line 
L A, and ſet it upon the Dial-plain from T to X, and from 
W to ©, and draw the Lines R X for the Subſtilar Line, 
and R © for the Hour-line of Six, which draw quite 
through the Centre R. 

Fourthly, Out of your Preparative Scheme, take the Line 
E L, and ſet it upon your Dial-plain from R to 12, and 
from X to Y, perpendicular to R X, and draw the Line 
R Y for the Axis (or Stile of your Dial. ) 

Fifihly, Out of your Preparative Scheme, take the line 
G H, and (ct it on your Dial-plain from R to Z, and draw 
the line Z 6, parallel toW Y, till it cut the Hour-line of 
SIX 1N 6, 

Sixthly, Make R 6 above the Centre, equal to R 6 be- 
low the Centre, and draw the two Lines 12 6, and 12 6. 

Seventhly, Out of your Dial-plain, take the length of 
the Lines 12 6, and 12 6, and fect them upon the Prepa- 
rative Scheme from B to b, and fromBtoa. And laying 
a Ruler from C to a, draw the Lines M C, and N C. 

Laſtly, From the point A or 3, 9, take the neareſt diſtance 
tothe Line N C,and ſet that diſtanceupon your Dial-plain 
from 
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from 12 to9, or froms to 9, for it will (if you work 
truly) divide the Line 6, 12 into two equal parts in 9. Al- 
ſo ſet one foot of the Compaſles in the point 2,40 in the 


Line A C of the Preparetive Scheme, with the other take. 


the neareſt diſtance to the Line N C, and ſet that diſt ance 
upon your Dial-plain, from 12 to 8,and from 6 to 10. ----- 
Apain,ſetting one foot of the Compalles inthe point 1, 11, 


in the Line A C of the Preparative Scheme, with the other, 


take the neareſt diſtance to the Line N C, and ſet that di- 
ſtance from 12 to T1, and from 6 to 7. So 1s the longer 
Line 6, 12 on your Dial-plain, divided into Six unequal 
parts in the points 7, 8, 9, 1o and 11; through which 
points, Lines drawn from the Centre R, ſhall be the true 
Fore-noon Hours. 

For the Afternoon hours,the ſhorter Line 12, 6. on your 
Dial-plain, muſt be divided from the Line A C in the Pre- 
parative Scheme, as the longer Line 12, 6 was before divi- 
ded ; by taking the leaſt diſtance from A or 9, 3 to the line 
M C, and ſetting it from 12 to 3, or from 6 to3. Al- 
ſo the leaſt diſtance from 2, 10, to M C, in the Preparative 
Scheme, will reach from 12 to 2,and from 6 to 4.---- Like- 
wiſe the lea(t diſtance taken from 1, 11, to the Line M C, 
in the Preparative Scheme, will reach from 12 to 1, and 
from 6 to 5. So is the ſhorter Line 12 6, on the Dial- 
Plain, divided into fix unequal parts in the Points 1, 2, 
3, 4, 5- Through which points, and the Centre R, right 
Lines being drawn,they ſhall be the true Afternoon Hour- 
lines upon the Plain. And fo is your Dial finiſhed. 

If you would inſert the Halfs and the —_ of Hours 
into your Plain, you may eafily do it, if from the Prepa- 
rative Scheme you take the neareſt diſtance from the Half 
and Quarter points in the- Line A C, and transfer them 
to the Lines 12, 6, and 12, 6, in the DiaPlain. 


Sea. 


R 
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Segion. I I. 


How to deſeribe Howr-lines upon the Horizontal Full South, 
North, Eaſt and Weſt Ere& or Reclining Plains. 


N theſe kind of Plains, which dire&tly behold the Four 

| Cardinal North, South, Eaſt and Weſt points, the La- 
titude of the place, and Reclination of the Plain being 
known, there 1s nothing _—_— but to know the Ele- 
vation, or height of the Pole above the Plain, which, how to 
find, is ſufficiently taught in the Fourth and Fifth Sefions 
of the Fourth Part of this Book : And therefore [ ſhall not 
here repeat the ſame again, but refer you to thoſe fore- 
mentioned Fourth and Fifth SeT;ons of the Fourth Part 
hereof. Wherefore, to draw Hours upon any of theſe E- 
ret, DireF, or Dire Reclining Plains, when the height 
of the Pole or Stile above the Plain is found, you have no 
more todo; but, 

Firſt, Draw a right line A B for the Hour-line of Six, 
and another at right Angles thereto, for the Hour-line of 
x2, as the Line © X. | 

Secondly, With the Radius of your Line of Chords 60d. 
upon © asa Centre, deſcribe the Semicircle A X B, And 
the height of the Pole above the Plain being known, (as 
for an Horizontal Dial for London, where the Pole 1s ele- 
vated 51 deg. 3o min.) Take 51 deg. 3o min. from your 
Chord, and tet them upon the Semicircle from X to F, and 
from X to I, and through the points F and I, draw the 
Lines 6 F and 61, parallel to © X, and draw the Lines 
X 6 and X 6 on either fide of the Meridian. 

Thirdly, (Having recourſe to your former Proparative 
Scheme) take in your Compaſls the length of the Line X 6, 
and ſet it upon the o—_ Scheme from B to c, and 
laying a Ruler from A to c, draw the pricked Line C A. 

Fourthly, 
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Fourthly,In the Preparative Scheme from the point A org, z, 
take the neareſt diſtance to the pricked Line A C, and ſet 
it upon the Lines X 6, and X 6, from X to 3, and from 
X to 9. Alſo from the point 2, 10, in the Line A C 
of the Preparative Scheme, take the neareſt diſtance to the 
pricked Line AD, and that diſtance ſet upon the Lines 
X 6, and X6, from X to 10 and 2, and froms to 8, and 
from 6 to 4. — Likewiſe, take the neareſt diſtance from 
the point 1, 11, in the Line A C ofthe Preparative Scheme, 
to the pricked line A C,which diſtance will reach from X 
to11, and from X to 1, and alſo from 6 to 5, and from 
6 to 7. Soare the two Lines X 6 and X 6 divided each 
of them into ſ1x unequal parts, the one in the points 1, 2, 
3, 4, and 5, and the other in the points 11, 10, 9, 8and 7. 
Through which points, right Lines drawn from the Cen- 
tre ©, they ſhall be the truc Hour-lines proper for an Ho- 
rizontal Dial, tor the Latitude of London 51 deg. 32 min. 

For the Stile of this Dia), a Line drawn from the Cen- 

tre ©, through either of the points F and I, ſhall re- 
preſent the Axis of the World, or Stile of the Dial. 


For a Vertical or Ere& South Dial for the ſame Lati- 
tude 51 deg. 32 min. 


The height of the Pole above a South Plain in the La- 
titude of 51 deg. 32 min. is 38 deg. 28 min. the Comple- 
ment of the Latitude. Wherefore, 

Firſt, Take 38 deg. 28 min. from your Scale of Chords, 
and ſet them from X to G, and from X to H, and draw 
the Lines X M and X D, parallel to © X. 

Secondly, Take the length of the Line X M and X D, 
and apply it to your Preparative Scheme, ſetting it from B 
to d, and laying a Ruler from C to d, draw another prick- 
ed Line C X. 

Thirdly, The neareſt diſtances taken from the points A, 
2, 10,and 1, 11, in the Line A Cof the Preparative Scheme, 

«4 will 


124 Geometrical Dialling. 


will (being transferred from thence to the Djal-plain) di- 
vide the Lines X M and X D, each of them into fix une- 
qual parts, through which diviſions, and the Centre ©, 
Lires being drawn, they ſhall be the true Hour-lines of an 
Erc# South Dial in the Latitude of London. 
A Line drawn from © (the Centre of the Dial)through 
the points H or G, ſhall repreſent the Axis of the 
World, and be the Stile of this Dial. 


For a Dire& North Reclining Plain. 


Let our Example be of a Dire North Plain Reclining 
from the Zenith 25 deg. and ſuch a Dial is deſcribed in 
the 17th. Chapter of the Firſt Part, and the height of the 
Pole or Stile above the Plain, was there found to be 63 d, 
28 min. And fo it will be found to be by the Rule deliver- 
ed o the Fifth Sefjon of the Fourth Part of this 
Book. 

Firſt, The height of the Stile being found to be 63 d, 
28 min. take 63 deg. 28 min. from the Scale of Chords, 
and ſet them from X to E, and from X to K, and draw the 
Lines E C, anp R D, parallel to the Meridian © X. Alſo, 
draw the Lines X C and X D. 

Secondly, Take the length of the Line X C or X D, and 
ſet it upon the Preparative Scheme from B to e, and draw 
a third pricked Line as e C, 

Thirdly, The neareſt diſtances taken from the points A, 
2, Io, and 1, 11, in the Line A C, ſhall —_ ſet upon 
the Lines X C and X D) divide them each into Six une- 
qual parts z through which, and the Centre ©, right lines 
being drawn, they ſhall be the true Hour-lines of a North 
Dire# Plain Reclining 25 deg. the Latitude of Lox- 
don. 

The Stile muſt be drawn from the Centre ©, through 
the point E or K. | 


For 
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E- For Dire Eaſt or Weſt Plains, whether Ere® or Re- 
ON clining. 
IN 
For Ere& Dire@ Plains, where the Hour-lines are paral- 
rh Ic] one to another, the Stile or Pole having no Elevation, 
be the beſt way to make them, is, as is directed in the Sixth 
Chapter of the Firſt Part. And therefore in this place, 
nothing more need be ſaid concerning them. Bur, 
For Eaſt and Weſt Recliners. 
$ 
n The beſt way to deal with theſe kind of Plans, is to 
IE refer them to a new Latitude, and to a new Delinfation in 
], that ew Latitude, both which are ealily attained by this 
f- following GENERAL RULE. 
Ig 
1. The New Latitude, is always the Complement of the 
| Old Latitude. 
S. 2. The New Declination in that New Latitude is the Coms 
e plement of the Reclination. 


So that if a Dire Eaſt Plain, in the Latitude of Lon- 
d don 5 1 deg. 32 min. ſhould Recline 40 deg. and you would 
y find the New Latitude and New Declination; 

Firſt, The Complement of the Old Latitude 51 deg. 
32 min. 1s 38 deg. 28 min. And that muſt be tne New 
Latitude. 

Secondly, The Reclination being 40 deg. The Comple- 
ment thereof is 5o deg. And that is the New Declinati- 
on 


” We WW 5ST as þ& 


So that if (by the diretions of the Firſt Sefion hereof ) 

you make an Ere& Dial to decline 50 deg. in the Latitude 

L of 38 deg. 28 min. that Djal ſhall ſerve for an Eaſt or Weſt 
Dial, Reclining 40 d. in the Latitude of 51 d. 32 m. 

Thirdly, Although this Declining Plain be truly made, 

, yet 


—C— 


FE oo warner 
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yet the placing of it upon the Dial-Plaiy, differeth from 
Ered Plains : For, in all Erect Declining Plains, the Hour- 
line of 12 is always perpendicular to the Horizontal Line 
of the Plain. So1n all Eaſt and Weſt Reclining Plains, the - 
Hour-line of 12 muſt lie parallel to the Horizontal Line of 


the Plain. As you may ſee in the Figure Chap. 10,0f Part 


the Firſt. 

It may here be expeCted,that I ſhould ſay ſomething con- 
cerning Declining Reclining Plains, which this Geometrical 
way will very well perform, by referring them to a New 
Latitude, and a New Declination, where they will become 
Erc& Declining Plains; but for that the performance there- 
of, this way, would require many Schemes, and that there 
are Three ways in this Book, already taught, how to effe& 
the ſame by other means, I thought good to omit them in 
this place 3 and to give Examples in Ere& Dire@, in Dire& 
Reclining, and in Ere& Declining Plains, (as being of all 
others the moſt uſeful. ) And ſo I ſhall conclude this Se- 
cond Geometrical Way oft Dialling. 


The Pre parative 
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(127) 
The ART of 


DIA L LING, 


INSTRUMENT ALLY 
PERFORMED: 


By a Plain, Cheap, and Portable Inſtrument, accommo- 
dated with Lines neceſlary for that purpoſe. 


PART. III. 


CHAP.TI. 
A Deſcription of the Inſtrument. 


HE Inſtrument may moſt conveniently be made up- 

on a thin Plate of Brafs (the thinner the better.) 
Let it be made in theform of a Right-angled Triangle, one 
of the ſides containing the right Angle being in the Figure 
marked with A B, let it be divided as a Line of Natural 
Sines, and the other fide noted with A C, let be divided 
as a line of Natural Tangents, of ſuch a length that it may 
contain 75 degrees at the leaſt of the ſame Radius withthe 


Line of Sines. Let both the Sines and Tangents be num- 


bered from A, by 10, 20, 3o, &c. according to the uſual 
manner, the Sines to go deg. and the Tangents to 75 or 
upwards The diviſions of both theſe lines muſt be 
graduated 


- 
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graduated cloſe to the outer edges of the Braſs as Protra- 
ctors are uſually divided, and the Metal not exceeding that 
thickncls. On the third edge B C, is graduated a line 
of double Tangents of any Radius, ſuch as the line 1s ca- 
pable to receive 45 deg. on either ſ1de from the middle 
thereof, from D go E 45 deg. and from D to F as many ; 
which Tangents are to be numbred not into degrees of a 
Circle, but into degrees of Time, allowing 15 deg. to 1 
hour, 3o for 2 hours, and 45 for 3 hours, and theother in- 
termediate parts tor Halfs and Quarters, and in larger In- 
{truments into ſmaller parts This I call the Scale of 
hours, and muſt be numbred as in the Figure Xl[l,ſtanding 
at one end, and VI at the other end thereof, IX and III in 
the middle, and the reſt in order, as in the Figure ----- And 
1t were not amils, if the Tangent line A C were marked at 
the degrees of Time, as well as into degrees of the Circle, 
which will be uſcful in the deſcription of Eaſt, Welt, and 
Aquinottial Dials both dire and declining. 
In ſome convenient place of the Plate you may have one, 
two or three Lines of Chords to ſeveral Radius's, which 
will perform the work of the Firſt Part of this Book, and 
will alſo be ſerviceable in this. 

Alſo it wonld be neceſſary that the other ſide of the Plate 
were graduated for the Lines of Sines and Tangents, in all 
reſpects, as the fore-ſide: But for the line of hours it were 
not amiſs to have two or three of them of ſeveral lengths, 
asin practice you may find occaſion for, though one will do 
all. And this may eaſily and commodioully be done if the 
middleof the Plate becut out,and then on all theinner edges 
of the Plate, you may have ſeveral Lines of hours, and be- 
tween them Chords alſo. A Quadrant alſo may be profe- 
ted upon this Inſtrument, and then it will be ſerviceable 
to take a declination of a Plain; for by it you may find the 
Azimuth. The Inſtrument thus fitted will be very portable, 
and very exactand eaſtein practice. For theſe laſt mention- 
ed parts, I leave them to the diſcretion of the Artificer, ws 
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the will of the Owner, the firſt three lines being ſufficient 
to perform all the following works. This Inſtrument thus 
made, I call (in reſpect of the Figure of it) an Horological 
Trigon. The uſes whereof are exhibited in the following 
Chapters. 
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CHAP. II. 


How to draw the Hour-lines upon all ſorts of Dire@ Plains by 
help of the Horological Trigon. 


lals may be delineated upon all ſorts of Plain Superfi- 

cies, by help of this TRIGONAL INSTRUMENT. 
And that I may retain hercin the like Method as I have ob- 
ſerved in the Three foregoing Treatiſes, I (hall begin with 
the Dire@ Plains firſt, and from them proceed to the Ob- 
lique. And in my proſecution hereof, I ſhall more lightly 
paſs over ſuch things as I have in the firſt Part more par- 
ticularly handled, ſo by this means the ſubſequent Treatiſe 
will be the more brief, and the leſs cumbred with Precepts : 
And I ſhall begin with ſuch Plains as are DireF, whether 
Ere@ or Reclining. 


a CE ned ——_— 


Section I. 


How to draw the Hour-lines upon a Vertical or Horizontal 
Plain, as alſo upon any dire North or South Plainiz any 
Latitude, whether Ere& or Reclining. 


Here is no difference in the conſtrudtion of theſe ſe- 
veral ſorts of Dials, the height of the Pole or Stile 
above the Plain being firſt attained, which how to effect, 


15 at large taught Geometrically in the Firſt and m_ 
S art, 
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Part, Chap. 3. and in the Fourth Part, Sed. r. and there. 
fore in this place will be needlel(s to recite. Wherefore ler 
us take one Example for all, viz. 


To draw the Hour-lines on a Vertical or Horizontal Plaiz, 
in the Latitude 51 deg. 32 min. 


Firſt, Upon your Plain(or upon a Sheet of Paper)draw 
a right line A B for the Meridian (or hour-line of 12,) and 
aſbgning any point therein (as A) for the Centre of your 
Dial, through it draw the line C A D at right Angles for 
the Hour-line of 6. 

Secondly, Lay the Centre of your Trigon, to the Centre 
of your Dia), ſo that the Tangent-line thereof may lie 
upon the Line of 12, and the Line of Sines upon the Line 
of Six, 
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Thirdly, With a Needle (or protrafting Pin) m_ e 
I 


Geometrical Dialling, 31 | 


Mark upon the Meridian Line, againſt (the Radius or) 
45 deg. as the point E. And upon the line of 5 make ano- 
ther mark, againſt the Sine of your Stiles height(in this Ex- 
ample againlt 51 deg. 32 min.)as at F,and draw thelineE F. 
Do the like on the other fide of the Meridian line, by ma- 
king AG equal to AF, and draw the Line E G. 

Fourthly, Divide the linesE F and E G(each of them )in- 
to two equal parts,in the points 9 and 3,and from the Centre 
of your Dial through theſe points 9g and 3,draw two right 
lines, which ſhall be the Hour-lines of g and 3 of theClock. 

Fifthly, For the drawing of the reſt ot the hours, la 
the Line of Hours upon your Trigon to your Plain,in ſug, 
manner, that the point or end thereof noted with 6, an 
the other end or point thereof noted with 12, may juſtly 
touch the Hour-lines of 12 and 6 upon your Dial-plajn, 
and move the Line of hours between the two Hour-lines 
of 12 and 6 backwards or forwards (as occafion ſhall re- 
quire) till the middle of the Line of Hours, noted with the 
hours 9 and 3, reſt jult upon the Hour-line of 9 or 3 upon 
your Plain ---- Your Line of Hours lying in this poſition 
with your protraCcting Pin (or Needle) make marks upon 
your Plain, againſt every Hour, half and Quarter, as the 
points *** &c, ------ - And from the Centre of your Dial, 
(through theſe reſpective points)draw right Lines and they 
ſhall be the true Hour-lines proper to your Plain. 

Do the like on the other fide of the Meridian for the 
Afternoon hours, and your Hour-lines are all drawn,cxcept 
thoſe before 6 in the morning, and after 6at night, which 
mult be drawn through the Centre, according to the dire- 
ion given in Part I. Chap. 3. 

It may ſeem at firſt ſumething difficult to enter the line 

of Hours upon your Trigon, between the Hour-lincs of 
12 and 6, and fo as the point 9 or 3 miy reſt upon 
the Hour-line of 9 or 3 alſo; but know there jsno difti- 
culty at all, but wonderful eaſie, and ſo expeditious, 
that the Trigox 1s prepared to prick down all the 

S 2 Hours, 
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Hours, halfs and quarters, as ſoon as you could with 
your Compaſles, take one of them out of a Scale , 
and will give you the hour points upon the Plain 
more exaCt than you can fet them well off with the 
Compalles ---- And farther Note, that your Trigon ly- 
ing 1n this poſition, the Line of hours on your Tri- 
gon, will always lie parallel tothe lines E F, and E G, 
if there be no former errour. | 
Laſtly, For the height of the Stile above the Plain (its 
1n this Example, equal to the Latitude of the place 51 deg, 
32 min.) this you may ſet off by a Line of Chords (as hath 
| been often ſhewed before) but by the Trigon thus ---- Lay 
the Centre of your Trigor upon the point E,the line of Sines 
lying upon the Meridian (or 12 a Clock) line, then againft 
the Tangent of 51 deg. 32 min. make a mark as H, and 
draw the line A H for the Stile, {o is your Dial finithed. 
And according to this precept may the Hour-lines upon 
all Northand South Dire Plains bedrawn, without any far- 
ther trouble,and ſo for ſuch plains,let this one precept ſuffice. 


Section I I. 


How to draw the Honr-lines upon the Dire Eaſt Welt xpriekt 
and FquinoGtial Reclining Plains, by belp of the Trigon. 


Ur Example ſhall be of an Eaſt Erect Direct Plain in 
the Latitude of 51 deg. 32 min. Wherefore, 

Firſt, Draw (by the directions in Part I. Chapter 6, 
a Right-Line A B for the AquinoCtial, and in any 
point thereof, as at C, draw a right line D CE (at right An- 
glesrhereunto) for the Hour-line of 6. 

Secondly, Aſſign any point of the Hour-line of 6, (pro- 
portional to the bantGof your Plain)as F for the height of 
your perpendicular Stile or Gnomon. 

Thirdly, 
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Thirdly, Lay the Trigon to your Plain, fo that the Line 
of Sines may lie juſt upon the Hour-line of 6, and the end 
thereof at 9o deg. upon the point F ----- The Trigon lying 
in this poſition, with your Needle or protraCting Pin,make 
marks upon your Plain, by the tide of the Tangent line up- 
on your Trigon, at every hour, halt and quarter, at the 
marks *** exc. (for the Fangent line upon the Trieon, is 
divided into hours and parts of time,as well as into degrees 
and minutes. ) 
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Fourthly, Lay a Ruler to F,and every one of theſe hours, 
halts and quarters,and where the Ruler crofleth the Aqui- 
noctial Line of the Plain A B, as at the points © © ©, exc. 
through thoſe points draw right lines parallel to the Hour- 
line of 6, and they ſhall be the true Hours proper for your 
Plain. 

For the hours before 6 inthe morning on the Eaſt Dial, 
and after 6 at night on the Weſt Dial, the ſame diſtances et 
backwards upon the Aquinoctial-line, will give you thoſe 
points as is diretted in Part I, Chap. 6. 


Note, 
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'ote, Tf you make your Dial anſwerable to the bigneſ 
of your Trigon, much of the labour in making of this 
Dial will be ſaved : For, when you have drawn A B 
the Aquinodtial, and crofled it at right Angles, with 
the Line C DE for the Hour-line of 6 ------ Lay the 
Centre of the Trigon upon the point D, and the Tan- 
gent line of the Trigon upon the Aquinottial Line of 
the Plain, and ſo making marks at every hour, half, 
and quarter,lines drawn through thoſe points parallel 
to the Hour-line of 6,ſhall be the true hours proper for 
the Plain ---- And here note alſo, that the Line A B 
firſt drawn, muſt make an Angle with the Horizontal 
Plain, equal to the Complement of the Latitude of 
the place, for which the Dial 1s made. 

What 1s ſaid of the Eaſt Plain, the ſame 1s to be under- 
ſtood of the Welt, as in Part I. Chap 6. and the ſame of 
the Aquinottial Plain alſo, only the 6 a Clock Hour-line 
in theſe Plains, is the 12 a Clock Hour-line in thoſe, as in 
Part I. Chap. 12 is ſufficiently explained. 


CHAP. III. 


How to draw Hour-lines upen any Ercd Plain, Declining Eaſt 
or Weſt, by help of the Horological Trigon. 


Heſe are the Dials, which (of all others) are moſt in 
uſe, and therefore will require the more care in the 
practice of the making of them; and that I may remove all 
difficulties that may ariſe in the making of them at any time, 
I ſhall bethe more large 1n this particular,for (indeed) up- 
on the making of theſe Dials1n all Latitudes, doth depend 
the making of all other Oblique Dials, whether Reclining 
or Inclining, as hercafter ſhall be taught. 


SECT. 
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Section I. 


How to deſcribe the Hour-lines upon an Erector Upright Plain, 
Declining from the South Eaſtward 30 deg. in the Lati- 
titude of 51 deg. 3o min. 


wth Draw a perpendicular or down-right line A 12 B, 
þ or the Meridian and Hour-line of 12,and making choice 
of ſome convenient point therein, as A, for the Centre of 
your Dial, draw through that point an Horizontal Line 
M A N. 
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Secondly, Apply the Centre of the Trigon, to the Cen- 
tre of the Dial at A, ſo that the Line of Sincs may lie up- 
on the Line MA, and the Line of Tangents upon the line 
AB: And againſt the Tangent of the Latitude of che place 
51 deg. 32 min. make a mark at B, and alſo at the Co-Sine 


of. 
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of the Latitude 51 deg. 32 min. make another mark at H. 

Thirdly, Remove the Trigor, laying the Centre thereof 
to B, and the Line of Tangents upon B A, and againſt the 
Sine of the Declination 3o deg. make a mark, as E, and 
draw the Line AE for the Subſtilar line of the Dial. 

Fourthly, Upon the point E, erect a perpendicular, and 
laying the Centre of the Trigon upon E, and the Line of 
Sines upon the perpendicular, make a mark againſt the Co- 
Sine of the PlainsDeclination 60 deg, as at F,and draw the 
Line A F for the Stile, 

Fifihly, Laying the Centre of the Trigon to B, and the 
line of Sines upon A B, make a mark againſt the Co-Tangent 
of the Latitude of the place 383 deg. 28 min. as at D, and 
through-the point D draw the line D C parallel to AB. 

Sixthly, Take in your Compaſles the diſtance B E, and 
ſet it upon the line C D fromC to G, and draw the Line 
A G tor the Hour-line of 6, quite through the Centre, asthe 
Imme6 A6. 

Seventhly, Through the point H, draw the lineH R, pa- 
rallel to AB, cutting the Hour-lineof 6 in the point 6, and 
make A 6 above the Centre,equal to A 6 below the Centre, 
and theline A 12, equal to E F,drawing the lines 12, 6, and 
12,6, which divide into two equal parts in the points 
9 and 3,and draw the lines A 9 and A 3,for the Hour-lines 
of Nine and Three. 

Eighthly, Apply the Line of Hours upon your Trigon,be- 
tween the Hour-lines of 6 and 12, fo that 9 and 3 may reſt 
upon 9 and 3 as hath been before preſcribed, and make 
marks at the feveral hours, as the points *** exc. through 
which points, and the Centre A, draw the hours, and ſo the 
halfs and quarters, if you pleaſe. 

For the line of 5 in the morning, it 1s drawn by extend- 
ing the Hour-line of 5 at night through the Centre. Andin 
the making of this Dial, you have made four Dials as isde- 
clared, and largly inſiſted upon, Part I. Chap. 8. and there- 
fore no more need be faid of it in this place. 

Theſe 
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Theſe Precepts here dezlivered,are ſufficient for the mak- 
ing of Upright Declining Dials in any Latitude, but 
molt conveniently in theſe middle Latitudes,under the 
temperate Zones;1in the Torrid and Frigid Zones there 
may fall out ſome Inconveniencies, for when the Lati- 
tude is either very great or very ſmall,ſuch as the lines 
on the Trigon are not capable to receive, there are 
other means to remedy thoſe Inconveniencies, which 
{hall be cleared by the two following Propolitions,one 
whereof, ſhall ſhew how to effect the work of this 
Chapter, when the Latitude is very ſmall, the other 
when it 15 very great. 


NN 
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Settion I I. 
PROP. 


To draw an Uprieht Declining Dial in ſucha Latitude, where 
the Pole hath but ſmall Elevation. 


Let the Example be of an Upright South Plain Declining 
Eaſtward 3o deg. in the Latitude of 10 deg. 


Irſt, Draw a line A B 12, for the Meridian and Hour- 
þ- line of 12, and make choice of a point therein for a 
Centre, as A, through which draw a line perpendicular 
thereto for the Horizontal line of the Plain, as the Line 
GCA. : 

Secondly, Lay the Centre of the Trigon to the Centre of 
the Dial, and the Tangent-line thereof upon, the Line 
A B 12. Andagainſt go deg, or the Radius of the line of Sines, 
make a mark-as C, and alſo againſt 8o deg, thereof, which 
is the Complement of the Latitude of the place, as at H. 
Likewiſe againſt the as the Latitude 10 deg. make 8 

mar 
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mark, as at B,and draw the Lines BD parallel to to the Ho- 
r1zontal line G C A, and the line CD parallel to the Meri- 
dian Line A B. 

Thirdly, Lay the Centre of the [rigor upon B, and the 
Line of Sines upon B D, and make a mark againſt the Sine 
of the Plains Declination 3o deg. as E, and draw the Line 
A E for the Subſtilar Line of the Dial 5; then take the di- 
ſtance B E, and ſet it upon the Horizontal line of the Plain 
from C to G, and draw the line E G, cutting the line 
CD in K, ſo ſhall A K be the Hour-line of 6. 


NF | 
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Fourthly, Upon the point E, ered the perpendicular E F 
and laying the Centre of the Trigon upon E, and the Line 
of Sines upon E F, make a mark againſt the Sine of the 
Complement of the Plains declination 60 deg. at the point 
F, and draw the Line AF for the Stile. 

F5fthly, Through the point H, draw the line H M, paral- 
le] to the line A B,cutting the Hour-line of 6 inthe point 6. 
then taking the diſtance EF in your Compaſles, make the 
line A 12 equal thereto, and the line A 6 abovethe Centre 
Equal to A 6 below the Centre, and draw the lines 6, 12. 
and 
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and 6,12. which divide into two equal parts ing and 3,and 
for the other hours apply theline of hours of the Trigoy, as 
is before directed, and finiſh the Dia], according to former 
Precepts. 


PROP.II. 


How to draw an QOprieht Declining Dial in ſuch a Latitude 
where the Pole hath ereat Elevation. 


Let the Example be of a South Plain declining Eaſtward 
30 deg. 1n the Latitude of 8o deg. 


Irſt, Draw a Line A R for the Mcridian and Hour-line 
of 12, and thiough the Centre A draw the Horizon- 
tal Line C A perpendicular thereunto. 

Secondly, Lay the Centre of the [rigor to the Centre of 
the Dial,lo that the Line of Sines may be upon the Line 
AB, and the Line of Tangents upon A C, then againſt the 
Radius or Sine of go deg, make the mark B,and againſtthe 
Co-Sine of the Plains Declination 3o deg. make the mark 
12; alſo, againſt the Co-Tangent of the Caritude make the 
mark or point C, and draw the line C D parallel to A B, 
and the line B D parallel to C A. 

Thirdly, Lay the Centre of the Trigon to C, and the line 
of Sines upon CB, and againſt the Sine of the Plains declina- 
tion 3o deg. make the point G, and make BR equal to CG, 
then draw the Line R G,cutting the line B D in E, fo ſhall 
AE being drawn be the Subſtile, and A G the Hour-line 
of 6. 

Fourthly, Take in your Compaſlles the diſtance A 12,and 
ſet the ſame from G to P, and from R to T (thoſe Lines 
being extended) then draw the line T P, cutting the Line 
D B extended in O, and upon E ere the perpendicular 
E F equal to E O, and draw A F for the Stile of the 


Dial. 
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Fifthly, Lay the Centre of the 
Trigon to the Centre of the Dial, and 
the line of Sines upon A C, and a- 
gainſt the Co-Sine of the Latitude 
10 deg. make the mark H, and draw 
theline H M parallel to A B, cutting 
the Hour-line of 6 in 6, make A 6 a- 
bove,equal to A 6 below the Centre, 
and draw the lines 12, 6. and 12,6--- 
Divide them into two equal parts at 
the points gand 3, and applying the 
line of hours on your Trigon to them, 
you may prick down the hours, halts 
and quarters, as hath been alrcady 
preſcribed. 

Thus have you the manner of 
pricking down the Hour-lines 
upon Opright Declining Plains 
in any Latitude, and that in all 
caſcs. It reſteth now that we ſay 
ſomething of Declining Recli- 
ning Plains, and the beſt way 
for them in this caſe, is to refer 
them to a new Latitude, and a 
new Declination, wherein they 
would become Upright Decli- 

ning Plains. And how to find this New Latitude, and 
and New Declination, ſhall be the work of the next 


Chapter. 
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CHAP. IV. 


The Declination and Reclination of a Plain in a known 
Latitude being giver, fo find in what Latitude the ſaid Re- 
clining Declining Plain ſball be an Upright Plain, and 
alſo, what Declination the ſame ſhall have in that New La- 
titude, and how much the Meridian aſcends above, or 
deſcends bclow the Horizontal Line of the Plain, and 
which ways. 


Wy en a Plain in the Latitude of London, 5 1 deg. 32 m. 
ſhould decline Northerly 60 deg. and Recline alſo 
54 deg. (ſuch a Plain is the laſt Example of North Recli- 
ning Declining Plains, in the Firſt Part of this Book.) And 
it were required to find, 
I. In what Latitude that would be an Upright Plain. 
And, 
2. What Declination it ſhall have in that new Latitude. 
And, 
3. How much the Meridian is clevatcd or depreſſed above 
or below the Horizontal Line. 


Section I. 
To find the New Latitude. 


| Be Draw a Right-line B A, and at the end thereof A, 
raiſe a perpendicular A C. 

Secondly, Lay the Centre of the Trigon to the point A, 
ſo that the Line of Sines may lie upon the Line A C, and 
the Line of Tangents upon A B, Then, 

Thirdly, Make a mark againſt the CorSine of the Plains 
Declination 3o deg.as D, and another mark again(t — 

us, 
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dius or Tangent of 45 as at B— Then turning the Cen- 
tre of the Trigon to B, lay the Tangent line upon B A, and 
make a mark againſt the Co-tangent of the Plains Reclina- 
tion 25 deg.as at E. 

Fourthly, Draw the line D B, and apply the Centre of 
the Tricon to E, ſo that the Line of Sines may Jie upon 
co EA: Then will the lire 
| DB lie under the Tan- 
gent of 19 deg. 52 min. 


1 This Tangent of 19 deg. 
F 53 min. you muſt com- 
| pare with the Comple- 


| ment of your old Lati- 

| tude 38 deg. 28 min. in 

North Reclining Plains 

\ (as in this Example)and 

take their difference, which 1s 18 deg. 3o min. And that 
1s the new Latitude. 

And here note, that if the Tangent E F before found 
prove to be equal to the Complement of yourold La- 
titude, then will your Plain, be a Polar Declining 
Plain. But again, 

In South Reclining Plains, you mult compare the Tan- 
gent E F with your Latitude, and find their ditfe- 
rence, the Complement of which difference ſhall be 
your new Latitude. 

And Note farther, That (in South Recliners,) 

If the Tangent E F be leſs than your old Latitude, the 
contrary Pole is elevated ; and if it be equal to 
wo Old Latitude, then it 1s an Aquinoctial 

n. 
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Section II. 


To find the New Declinations. 


FE: draw a Right Line A B, and upon the point B 
erect the perpendicular B C. 


Secondly, Lay the Centre of the Trigon to the Point B, 
ſo that the Line of 'Sines may lie upon B C, and the Line 
of TR upon A B,then make a mark againſt the Tan- 
gent of 45 deg. (or the Radius) as at A, and another a- 
gainſt the Co-Sine of the Reclination 36 deg. asat D, and 
draw the Line A D. 

Thirdly, Lay the Centre of the Trigon upon A, and the 
Line of Sines upon the line A B, and make a mark againſt 

; the Sine of the Old 
.C . Declination (60 deg.) 
as at E. 


PAP Fourthly, Lay the 
Wi Centre of the Tricon 
| to E, and the Tangent 

| line upon A E, fo ſhall 
, | the line A D hi juſt 

A under the Sine of 3o d. 
hg aaron 33 min. in the Trigor, 
| at the point F, and 
this 3o deg. 38 min. is the new Declination. 
And here note, that this new Declination thus found, 
is always to the ſame Coalt, Eaſtward or Weſtward 
with the old, but always leſs in quantity. 


\ 


J. 
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Section II. 


To find the Angle that the Meridian makes with the Horizon- 
G tal Line of the Plain. 


Ir, Draw the two Lines A B, and A C, making a right- 
angle at A. 


Secondly, Lay the 
C Centre of the Trigon 
to A, and the Tangent 
D Line upon AC, and 
make a mark againſt 
the Tangent of the old 
Declination 60 deg. at 
D, and another againſt 
the Sine of go deg. 
and draw the Line D. 
Thirdly, Lay the 
Centre of the Trigon 
upon B, and the Sines 
upon the Line B A, 
making a mark againſt 
the Sine of the Recli- 
nation 54 deg. at E, 
Fourthly, Lay the 
Centre of the Trigon 
toE, and the Sines 
upon E B, then will 
: the Line B D, he = 
"RB under the Tangent © 
A EF 54 deg. 29 wget 
is the Complement of 35 d. 31 m. and an Angle of that quan- 
tity doth the Meridian make with the Horizon. 
By theſe Three Sections of this Chapter, you have 


reduced 


32 min. 


Reclining 54 deg. oo min. And 
Declining 60 deg. oo. min, 


To an Upright Declining Plain in another Latitude, 
viz, To 


deg. min. 
North Plain Declining Weſt 30 38 
In the Latitude of 18 30 


So thatifby the Precepts delivered in the Third Chapter 

of this Part, and by the Second Section thereof, becauſe the 
Latitude is but ſmall, you ſhall have a true Dial for ſuch a 
Plain, as declinesand reclines the quantities above mentio- 
ned in the Latitude of 51 deg. 32 min. Which Dial be- 
ing truly drawn, and applied to the Reclining Plain, the 
Meridian making ſuch an Angle as was found by the Third 
Section of this Chapter, viz. 35 deg. 31 min. and placed 
towards the right Coaſt (as thall be ſhewed in the next 
Chapter) your work is finiſhed, the Precepts heredeliver- 
ed being general. 


— — — 


CHAP.V. 


Sewing whether the Meridian Line of the Plain aſcends above, 
or _— below the Horizontal Line of the Plain, and to- 
words what Coaſt. 


He Third Se&tion of the laſt Chapter gave you the 
quantity of this Angle, now for the poſition of the 


Meridian line,obſervethele _ Rules following, is. 
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reduced your North Plain, in the Latitude of 51 deg- 


346 


| 


nd 
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aboye g That end of the Hori 
zontal Line, which lies 
contrary to the coaſt 
of - the Plains Declina- 


Leſs than Aqunoi- 
an), the Meridian 
muſt be drawn. 


North In- below... tion, 
cliners. 4 
South Re- bclow -That end of the Hori- 
cliners, | More than Aquino- zontal Line, which lies 
&ial, the Meridian the ſame way with the 
| muſt bedrawn, coaſt of the Plains De- 
L above. clination. 
E Cabove That end of the Hori- 
_ Line that looks 
4 the ſame way with the 
| _ a _ 2 Coaſt of the Plains De- 
"gf wn clination ---- And this 
: Meridian thus drawn in 
Narth Recliners, rcpre- 
| ' bclow {ſents 12 at midnight, 
Equal to a Polar, the Meridian muft be drawn be- 
North Re- | joy the Horizontal Line at that end which is 
In cliners. 3 contrary to the Coalt of Declination, and the 
South In. } Six of Clock Hour-Line is always the Sub- 
cliners, tile, 
. 
"below And from that end of 
| the Horizontal Line, 
which lics contrary to 
More than a Po- the Coaſt of the Plains 
- lar the Meridian) 4 Declination ---- Ang in 
muſt be drawn. South Incliners is 
only ferviceable to 


help to draw the relt 
Lot the Dial. 


Labove 


Your Dial being drawp by the Precepts delivered in the third Chap- 


ter of this Part, according to its new Latitude and uew Declination, 
and the ſituation of the Meridian Line from the Hogizontal linc, difco- 
vezed by this Chapter, you may now proceed to | 


CR 
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The Placing of the Dial upon the Plain, 


Which to perform, having ” the direQions given, drawn 
an Horizontal line upon your Plain,ſet off ſomany degrees 
(by helpof your Line of N_ as the diſtance of the Me- 
ridian from the Horizon is faund ta be, and to the ſame 
Coaſt, and there draw the Meridian Line. Having fo done, 
apply your Paper-draught to your Plain, and lay the Meri- 
dian Linethereof upon (or parallel to) the Meridian Line 
upon your Plain,and herein be careful that the Stile of your 
Paper-draught (or rather atrue pattern thereof cut out in 
Palt-board or Paper) being placed upon the Subſtilar do 
direfly behold or point towardsthe Elevated pole; which 
conſideration being had, you may eaſily transfer the reſt 
of the Hour-lines from your Paper to your Plain,and putno 
more thereon than are neceſſary. 


CHAP. VI. 
How to deal with Eaſt and Weſt Reclining and Inclining Plains, 


Heſe alſo muſt be referred toa new Latitude,zand new 
declination, which are eaſily attained; the new Lati- 
tude being always the Complement of your own Latitude, 
and the new Declination in that Latitude, is the Comple- 
ment of their Reclination. Theſe being known, you may de- 
ſcribethe Dial according to the Rules of the Third Chapter. 
The Meridian Line in all theſe Dials,is the ſame with the 
Horizontal Line, and fo hath no elevation or depreſſion, 


CHAP. VIL 
Of North and South Reclining and Inclining Plains. 


Hen the Reclination or Inclination of any of theſe 

Plains is Known, there is nothing elſe required be- 
fore the drawing of the Dial, but the Elevation of the Pole 
above the Plain, which how to find is plainly taughtin the 
Fourth and Fifth SeQions of the fellowing Part, and then 


the Dials are made as VOme or Horizontal Dials for = 
2 ati- 


ry nt WS IR OG. 
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Latitudes,. and ſo no more need be ſaid of them in this 
place. 


Concliuſzon. 


Shall conclude this Third Part with theſe two General 

and Neceſlary Rules, teaching, 

1. To know which way the Subſtilar-line ofany Dial muſk 
ſtand from the Vertical hne of the fame Plain. 1 And, 

2. How to order your work in the Southern Hemiſphere. 


For the Firſt, 
Upon all Plains whereon the 


A 


FE en 
North Pole South Pole 
v 4 


is elevated, the Subſtilar muſt 


lie from the 
p— etocoec 


upperend lower end 


—c GC 


of the Vertical line 
towards the full 


r- —— 
North South 
For the Second. 


All the Rules,Precepts and Examples given in thisBook, 
do ſuppoſe you to be in the Northern Hemiſphere of. the 
World; therefore if you Thould be in the Southern Hemi- 
ſphere, theſe Precepts will ſerve there alſo, by only chang- 
ing the words North and South one into the other, as for 
South read North, and for North read South, and ſo Nor- 


thern for Southern, and the contrary. 
The 


(149) 
The ART of 


DIALLING, 


ARITHMETICALLY 


PERFORMED, 


By the CANONS (or TABLES) of Artificial Sizes 
and Tangents. 


PART IV. 


The Aﬀtument. 


Heras the Two foregoing Geometrical Ways, and 
the Third Iſtrumental Way of delineating or 


making of Sun-Dials, may be rejefted by ſome, 

and a more accurate performahice of the fame re- 
quired by others, I thought good (to make this Treatiſe 
the more compleat, which for a Geometrical Way is alrea- 
dy perfe& enough) to add the Canons, Aralogies or Propor- 
tions, by which the ſeveral Requiſtes in all Plains may be 
Arithmetically attained, by hclp of the Canons or Tables 
of Artificial Sizes and Tangents (then by which there can 
no exacter way.) Which Tables are already in every mans 
hands, and the general uſe of them no leſs common + where- 
fore I ſhall ay nothing of that in this place, but proceed 
to m= finding the forementioned Requiſites, as followeth. 
And, 


—— ER ES 


Section. 


Arithmetical Dialling. , 


Sedion L 


Of (Vertical or) Horizontal Plains, 


N theſe Plains there is nothing required but the Height of 
the Pole above the Plain, which, in all Places, is equal to 
the Latitude of the Place, for which the Dial is to be made. 


Section I I. 
Of North ard South Ere&t Dire& Plains. 


N theie Plains alſo there is nothing required but The 
height of the Pole above the Plain, which in all places is 
equal to the Complement of the Latitude of the Place, 
Wherefore, Subſtratt the Lagtude of the Place, for which 
your Dial is to be made from, Fþ deg. and the Reminder is 
the height of the Pole above the South or North Ere& 
Direct Plain. 


deg. min. 
From 90 OO 
Subſtract Latitude Ss ' 39 


There remains a8 28-- 1 


_— Whichis the height of the the Pole abovea Dire North 
or South plain in the Latitude of 51 deg. 32 min., » 


vs F —— 
Section IIL : 


Of North «:d South Ere& Declining Plains. 


BY in Ere&t Declining Plains, (beſides the Latitude of 
the place, and the Declination of the Plain) —_ 
ce 
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three things requiſite to be found, before youdraw the Di- 
al, and they are, 
1. The height of the Stile (or Pole) above the Plain. 
2. The diſtance of the Subftile from the Meridian. 
3. The Flains difference of Longitude. 
Example, In the Declining plain in Chapter 8. whoſe 
Declination was 24 deg. 20 min. in the Latitude of 
51 deg. 32 min. 
1. For the height of the Pole above the Plain. 
As the Radius go deg. 
Isto the Co-ineof the Latitude 38 deg. 
23 min. 9. 793831 
Soisthe Ca-Sine of the Declination 65 d. 40 m. 9.959596 


I ©. COCOCO 


" —— 


To the Sine of 34 deg. 33 min. 19.753427” 


Which 34 deg. 33 min. is the height of the Pole 
above the Plain. 


2. For the diſtance of the Subſtile from the Meridian. 


As the Sine of go 10. COO000 
Is to the Sineof the plains Declination _—_ — 
24 deg. 20 min. : 9.61605y 


$0 isthe Co-tangent of the Latitude 38d. 28 m. 9.900086 


To the Tangent of 18 deg. ro min. 19.516145 
Which 18 deg. 10 min. is the diſtance of the Subſtile 
from the Meridian. 
3. For the Plaizs difference of I ongitude, 
As the Co-Sine of the Latitude 38 deg, 28 m. 9.793831 
Is to the Radius 9o deg. | 10.000000 
So is the Sine of the diſtance of the Subſtile 19.493851 
from the Meridian 18 deg. 10 min. 6 
To the Sine of 3o deg. 00 min. 6699201" 


Which 3o deg oo min. is the Plains difference 'of | 


Longitude. | T4ii1to yiniggey als. 


Section 


Arithmetical Dialling. 
Section I V. 


Of South Direct Reclining Plains. 


N theſe Plains, (the Latitude of the place, and the Re- 
clination of the Plain bcing gtven) there is only requi- 
red The Heizlt of the Pole above the Plain: In which there 
arc 1!:c-Cifcs,in all which you may find the Stiles height, 
as fol. /EULLL © 

I. it the Reclination of the plain be leſs than the Com- 

plement of the Latitude of the place, ſubſtrait the 
Reclination out of the Complement of the Latitude, 
and the remainer will be the height of the pole or 
Stile above the Reclining plain. But, 

2, If the Reclination of the plain be more than the 
Complement of the Latitude, fſubſtratt the Comple- 
ment of the Latitude from the Reclination, and the 
Remainder. ſhall be the Elevation cf the pole above 
the Plain. 

. If the Reclination be equal to the Complement of 
the Latitude, the pole hath no Elevation over ſuch a 
lain, but is an AquinoQial plain, and muſt be made 
bh the Rules delivered in the Twelfth Chapter of the 
Firſt Part of this Book. 


9 


: deg. min. 
Latitude 51 deg. 32 min. Comple. 238 #28 
1. Caſe JReclinarion 22 10 


Height of the pole above the Plain 16 18 


Reclination 62 '23 
Latitude 51 deg. 32 min. Comp. 38 28 


2. Caſe 


Height of the pole above the plain 23 55 
Section 


Arithmetical Dialling. 


Section V. 


Of North Dire& Reclining Plains. 


N theſe Plains alſo (the Latitude and Reclination being 
iven)there 18 only required The Height of the Pole above 
the Plain. 
To find this, 
1. Add the Complement of the Latitude to the Recli- 
nation, andthe ſum of them is the height of the Pole above 
the Reclining plain. 


deg. min. 
Latitude 51 deg, 32 min. Comp!l. 38 28 
Reclination 27 9 
Height of the Pole above the Plain. 65 40 


3 
2, But if this Sum exceed go deg. then ſubſtract it from 
180 deg. and the remainder ſhall be the height of the Pole 
above the Plain. 


deg. min. 
Latitude 51 deg. 32 min, Complent 38 28 
Reclination 70 42 


| ſum. 109 10 
Which ſubſtract from 180 oo 
There remains 70 50 

Which 70 deg. 50 min. is the height of the Pole above 
the Plain. 

3. If the ſum of the Complement of the Latitude, and 
the Reclination added together do make juſt go deg. then 
that plain is a Polar Plain, and the Dial for ſuch a Plain 
wee ws made in all reſpetts as is direRed in the 16, Chap- 
ter of the Firſt Part of this Book, 


X Section 


' mp SS. 1 


Arithmetical Dialling, 
Section V I. 


Of Eaſt and Weſt Direct Reclining Plays. 


N Eaſt and Weſt Reclining Plains (the Latitude of the 
place, and Reclination being given) there are required 
the ſame three things as in North and South Ere& Decli- 
ners, namely, 
I. The Height of the Pole (or Stile above the Plain. 
2. The diſtance of the Subſtile from the Meridian. 
3. The Plains difference of Longitude. 
Example, Of the Eaſt or Weſt Reclining Plain Part 1. 
Chap. 10. whoſe Reclination was 35 deg. oo min.. 
and Latitude 51 deg. 32 min. 
1. For the height of the Pole (or Stile) above the Plain. 


As the Radius go deg. IO. ©0000 
Is to the Sine of the Latitude 51 deg. 32 min. 9.89347 
So is the Sine of the Reclination 35 deg. 9.75859 
To the Sine of 26 deg. 41 min. 19.65206 


Which 26 deg,41 min. is the height of the Pole above 
the Reclining Plain. 
2. For the diſtance of the Subſtile from the Meridian. 


As the Radius go deg. 10.00000 


Is tothe Tangent of the Latitude 51d. 32 m. 10.09991 
$0 is the Corfine of the Reclination 35 deg, 19.91336 


To the Tangent of 45 deg. 52 min. 10.01327 
Which 45 deg. 52min. is the Subltiles diſtance from the 
Meridian. 


3. For the Plains difference of Longitude. 
As the Sine of the Latitude 51 deg. 32 min, 9.89274 


Is 


+ WE 2 1.293 i... 
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Is to the Radius go deg. 10.00000 
So is the Sine of the Subſtiles diſtance 19.85595 
from the Meridan 45 deg. 52. F 
To the Sne of 66 deg. 27 min. 9.96221 
Which 66 deg. 27 min. is the Plains difference of Lon- 
gitude. 


—__— 


Section VII. 


Of South ard North Declining Reclining P/ains. 


N Declining Plains Recliniug (beſides the Latitude of 
] the place, Declination and Reclination of the Plain 
which are for moſt part given) there mult four things be 


, found before you can draw the Dial, viz. 


I. The diſtance of the Meridian and Horizon. 
2. The height of the Pole or Stile. 

3. The diſtance of the Subſtile from the Meridian. 
4+ The Plains difference of Longitude. 


Of theſe Plains you have in the 20, 21, 22, 23, 24,and 
25. Chapters of the Firſt Part Six Varieties, which are 
all that in any caſe may happen, 2iz. Three of South 
Declining Reclining, and as many of North Decli- 
ning Reclining. I ſhall only inſtance in two of them, 
viz, one of a South Reclining Plain Declining Eaſter- 
ly, and another of a North Reclining Plain Declinin 
Weſterly. The Example of the South Recliner ſhall 
be that in the third aud laſt Variety of South Decli- 
ners Reclining, and that is of a South Plain declining 
Eaſterly 3o deg. and Reclining 55 deg. as in Part I. 
Chap. 22. 


X 2 R I. In 
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I. I: South Decliners Reclining. 


1. For the diſtance of the Meridian from the Horizon. 
As the-Radius 90 deg. | I0.00000 


—ﬀ{ﬀ 


Is to the Sine of the Reclination 55 deg. 9.91336 
$0 is the Tangent of the Declination 3o deg. 9.76144 
To the Tangent of 25 deg. 19 min. 19.67480 
Which 25 deg. 19 min. being taken from go deg. leaves 
64 deg- 41 min. the diſtance of the Meridian from 
the Horizon. 
2. For the Height of the Pole (or Stile) above the Plain. 
This will require two Operations 
1. As the Radius go deg. 10.00000 


Is to the Sine of the diſtance of the Me- 9.95615 
ridian from the Horizon 64d. 41 + 
Sq is the Co-Sine of the Reclination &5 deg. 9:75859 


To the Sine of 31 deg. 14 min. 19.71474 
Which 31 deg. 14. min. bcing leſs than the Latitude 
51 deg. 32 min. ſubſtract it therefrom, and there will 
remain 20 deg, 18 min, 
Then ſay again, 
2. As the Sine of the diſtance of t = "gz 9.95615 
an from the Horizon 64 deg. 41 min. - 
[s to the Sine of the Arch laſt found 20d. 18m. 9.54025 
Sois the Co-Sine ofthe Declination$o deg. 9.93753 


19.47778 

To the Sine of 19 deg. 25 min. 9.52163 

Which 9 deg. 25 min. is the height of the pole or Stile 
above the Plain. 

Note, That if the Arch found at the firſt of- theſe Operati- 


ons be £qual to the Latitude of the place (as there it 
, pr was 
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was lefler, viz. but 31 deg. 14 min.) then the Recli- 
ning Plain had been an Xquinottial Decliner, and 
muſt be made as by the precepts delivered in the 
20. Chap. of the Firſt Part. 
3. For the diſtance of the Subſtile and Meridian, 
As rgthe Co-Tangent of the DeclinationfJo d. * 10.23856 


Is to the Sine firſt found 1n the laſtpro-} 
portion, viz. 31 deg. 14 min. f 9.71477 
So is the Tangent of the height of the Pole? 0.54714 


above the plain 19 deg, 25 min. F — 
19.2619T 
To the Sine of 6 deg. 2 min. 9.02335 


Which 6 deg. 2 min. 1s the diſtance of the Subſtile from 
the Meridian. 
4. For the Plains —_—_— of 1 ongitudc. 
As the Sine of the difference of the Arch} 


firſt found, and the Latitude of the 9.54015 

place, viz. 2 deg. 18 min, F 

Is to the Radius go.deg. ©.000CO 
So. is the Sine ot the Subſtiles diſtance}? 19.02335, 

from the Meridian 6 deg. 2 min. / Pm 
To the Sine of 17 dep. 38 min. 9.43320 


Which 17 deg.'38 min. is the plains diticrcnce of Lon» 
gitude. * 


LT. /» North Decliners Reclining, 


la all thele Piaing, {as well as in South Rechigers) four 
things, muſt, be found (beſides the Latitude of: the place, 
and the. Reclination of the Plain, which are commonly 
given) betore'the Dial can bedrawn,and thole are the lame 
as 1D South Recliners, v2, 


1, The diſtance of the Meridian from the Horizon. 
2, The height of the Pole or Stile above the Plain. 
- ip 


| 
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3. The diſtance of the Subſlile from the Meridian. 
4. The Plains difference of Longitude. 
All theſe may be found by the following Canons or 
Analogies. And for an Example, I ſhall make uſe 
abt the North Plain Declining Weſterly 60 deg. 
and Reclining 54 deg. as in the laſt Example of 
North Recliners, Part I. Chap. 25. 
1. For the diſtance of the Meridian from the Horizon. 


As the Radius 9o deg. 10.00000 
Is to the Sine of the Reclination 54 deg. 9.90795 
So is the Tangent of the Declination 60deg. 10.23856 
To the Sine of 7o deg. 48 min. 9.97306 
To the Tangent of 54 deg. 29 min. 0.14651 


Which 54 deg. 29 min. being taken from go deg. leaves 
35 deg. 31 min* And that is the diſtance of the Me- 
ridian from the Horizon. 


2. For the height Mee (or Stile) abeve the Plain. 


This alſo will require two Operations. 


1. As the Sine of the Declination 60 deg. 9.93753 
Is to the Radius go deg. I0.00000 
So is the Co-Sine of the diſtance of the Me-2 19.91059 
ridian from the Horizon 54d. 29 m. — 


To this Sine of 70 deg. 2 min. add the Complement of 

the Latitude 38 deg. 28 min. the ſum will be 108 d. 

30 min. and this Arch (being above go deg.) take it 
from 180 deg. ſo will there remain 71 deg. 3o min. 

2. As the Sine of the Arch firſt found po d. 2 m. 9:97306 


Is to the Sine of the Reclination 54 d.o min. 9.90796 
Sois the Sine of the Arch laſt found 71d. 3o min. 9.07695 


; 19.88491 
To the Sine of 54 deg. 43 min. 9.91185 
Which 
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Which 54 deg. 43 min. is the height of the Pole or Stile 


above the Plain. 

Note, That if the Arch firſt found, viz. 70 deg. 2 min. 
had been juſt 9o deg. the plain then had been a po- 
lar OY Plain, the Subſtile and the hour of ſix 
being the fame, and muſt be made by the Precepts 
delivered in Part I. Chapter 23. 

3. For the diſtance of the Subſt and Meridian. 

As the Tangent of the Reclination 54 deg. 10.13374 


Is to the Sine of the Arch firſt found} 
viz. 54 deg, 29 min. - 9-91059 
. So is the Tangent of the height ofthe \ IO.15021 
pole above the plain 54 d. 43 min. / on 
20.06c80 
To the Sine of 56 dep, 42 min. 9.92206 


Which 56 deg. 42 min.or rather the Complement there- 
of to 180 deg. viz. 123 deg. 18 min. 1s the diſtance 
of the Subltile from the Meridian, according as you 
pleaſe to- account it, cither from-the North, or from 
the South. 

4. For the Plains difference of Longitude. 

As the Sine of the height of the polc above? 9.91184 
the plain 54 deg. 43 min. fr ——= 
Is to the Tangent of the diſtance of the Sub-? 


ſtile and Meridian 56 deg. 42 min. f 1018251 
So is the Radius 90 deg. I 0.MCOOC 
To the Tangent of 61 deg. 48 min. 10.27067 


Which 61 deg. 48 min. is the plains difference of Longi- 
tude counted from the North, or the Complement 
thereof to 180 deg. viz. 118 deg. 12 min. 1s the {mc 
difference of Longitude colinted from thc Sout!t, 


Section 


Arithmetical Dialling. 


Section VIII 


Of the Hour Diſtances »por: the Plains. 


Itherto you have in a general, plain, and ealie Me- 
H thod (and of all others the moſt exat) delivered, 
the manner how to calculate the requiſites belonging to all 
ſorts of Plains whether Dire&, Reclining, Declining,or both. 
It reſteth now, to find the true hour diſtances one from a- 
nother upon any of theſe Plains, and for that (for all Dials 
which have Centres) there is only one general Analogy or 
Proportion, and that is this, Having found the Plains dif- 
ference of Longitude ;, ſay, 

As the Radius or Sine of godeg. 

Is to the Sine of the height of the Pole or Stileabove 

the Plain. 

So is the Tangent of each hours diſtance(upon the Xqui- 

nottial) from the Subſtile, 

To the Tangent of the ſame hours diſtance upon the 

plain counted for the Subſtile. 

Now, (becauſe Examples do more confirm than barely 
Precepts) I ſhall by Preſident or Example make plain all 
that hath hitherto been delivered, and one ſhall ſerve in- | 
ſtead of many, and that ſhall be 1g an Uprightor Erect De- 
clining plain, (which of all Dials are the moſt common and 
uſcful.) Suppoſe therefore, 


In Latitude 52 deg. 40 min. an Ere& Plain beholding the 
South, to decline Weſtward 24 degrees, 


The Arithmetical Calculation. 


By the Rules delivered in the Ill. SeFion of theſe Pre- 
cepts, you ſhall find, 


I. The 
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T. The height of the Pole (or Stile) above the Plain to be 
33 deg. 38 min. 

2. The diſtance of the Subſlile from the Meridian to be 
17 deg. 14 min. And, 

3. The Plains difference of Longitude to be 29deg. 15 min. 

Theſe Requiſites being thus attained,the next thing is to 
find the hour diſtances npon the Plain, which may be done 
by the laſt foregoing Analogy. 

But (irſt, you are to conlider the quantity of the Plains 
difference of Longitude, which here, in this Example, is 
found to be 29 ; 2 15 min. And becauſe every hours 
diſtance upon the Equinoctial is 15 deg. diltance from the 
Sub(tile, or Meridian of the Plain; fo 2 hours is 3o deg. 
diſtance, and 3 hours is 45 deg. diſtance : This Plains dit- 
ference of Longitude being above 15 deg. (which is one 
hours diſtance) and leſs than 3o deg. (which is two hours 
diſtance) the Subſtile (the plain declining Weltcrly) mult 
needs fall between the hours of 1 and 2 in the Aﬀeer- 
noon. Wherefore ſubſtrat 15 deg. (1 hours diſtance) 
from 29 deg. 15 min. and there will remain 14 deg. 15 m. 
the Equinodtial diſtance of 1 a clock trom the Subſtile, Alſo 
from 3o deg. (whichistwo hours diſtance) ſubſtrat 29 deg. 
15 m. and the remainer will be oodeg. 15 min. for the Equi- 
nottial diſtance of 2 a clock from the Subſtile. Having 
found the Equinoftial diſtances of the two next hour-lines 
on either ſi4e of the Subſtile (as of 1 and 2) the reſt are ca- 
ſily found by the continual addition of 15 deg. and fo isthe 
Column of the Equinoctial diſtances in the following Table 
made. Being thus prepared,the true hour diſtances from the 
Subſtile upon the Plain may eaſily be attained by the fore- 
going Analogy. I will inſtance in one hours diſtance tor all, 
and give you the reſt in a Table: As, 


Let it be required to find the diſtance of one a Clock upon the 
Plain from thgSubſtite, Say, 


Y As 


| & 
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As the Sine of go deg. I[o000C0 


Is mon _ height of the Stile P 9.74341 


$9 is the Tangent of the Eq \inoftial diſtance) 
of one a clock, viz. 14 deg. 15 min. 5 


9.402478 


To the Tangent of 8 deg © min. * 19.14819 
Which 8 « leg, © min. 1s the diltance of the one a clock 
hour-line upon the Plain from the Subſtile. And in 
the ſame manner may you hn'l the diſtance of 2 a 
Clock to be o deg. 25 min. Of 3 a clock 8 deg. 53M. 

Of 4 a Clock 13 dep. 14 min. and ſo the relt, as in 
the following Tablc tor cvety whole hour. And it 
you delire h: ifs and quarters of hours, you mult 1n- 
ſert them in the Column of Equinodtial diſtances, al- 
lowing 7 deg. 3o min. for halt an hour, and 3 deg. 
45 min. for a quarter,and ſo 15 deg. for a whole hour. 


'Hours Equinoctial I ruc hour 


ES diſtances | diſtances | | 
| dey. min.deg. min. 
VII "14 1590 39 
IX 74 1563 , 
X 59 15 42 57 
Xl 44 15,23 21 
| Xl 29 15/17 14 
I 4 I5'& © 


eubſtle— Subſtile 


| 


— 


Arithmetical Dialling 


Thus have you the Arithmetical Calculation of the 
whole Dial; it remains now to ſhew how theſe hour-lines 
are to be transferred from the Table tothe Dial-plain, waich 
1s to be done as followeth. 


The Geometrical Projedion. 


Firſt, (Upon your Dial-plain) draw an Horizontal-l:ne 
A B, and perpendicular thercunto another line C D,ftor the 
Meridian and Hout-line of 12. 

Secondly, Take 60 deg. out of your line of Chords, and 
ſetting one foot in C, with the other defcribe the Semicir- 
cleEF G. 

Thirdly, Becauſe the diſtance of the Subſtile from the 
Meridian was found to be 17 deg. 14 min. take 17 d. 14 m. 
from your Line of Chords, and ſet them upon the Se- 
micircle from F to H, and draw the Line CH for the Sub- 
ſtile. 


South Declining Weſt 24 degrees, Latitude 52 deg. 40 min. 


lo \ Inv: 


ST mw KS. 


Þ-2 Fonrthly, 


 ——_ 


—_—— ES 
e 
| ' 
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Fourthly, The height of the Stile being 33 deg. 38 min. 
ſet rhat diſtance upon the Semicircle from H to K,and draw 
the Line C K for the Stile. 

Fifihly, (Having recourſe to your Table) take 18 deg. 
39 min. out of your Line of Chords, and ſet them upon 
the Scmicircle from H to 8, and draw the linc C8 for the 
Hour-line of & of the Clock. 


deg. min. 

"603 1! 

42 57 

18 21 |and(ct the, 
117 14 | ſame upon 

Zfily, From| 8 © |the Scmi- 

your line of4 © >circle up-5 2 


Q 


oommmac 


hy) ws ( 


Plain,from 
H, to 


-$21]-2n0H 31 40J 


MN" O+H ww 0D --— ww ww ww 


OOOOOCOOAAO 


25 
Chords, take | 531 on the 
&. 2” 
37 
41 | 
22 | 


pm 
(9 


Thus 1s your Dial finiſhed, only the Stile, which muſt be 
ſet to.hang perpendicularly over the Subltile, making an 
Angle at the Centre of the Plain of 33 dep. 33 min. cqual 
tothe height of the Stile. 

And thus have you an Abſtract of The whole Art of Dial- 
ling, after the moſt exact and compendinous way of 
performance z others may be more expedit:.ous, but 
NONe MOTre EXace- 


Section IX. 


T will be to little purpoſe to be thus curious in finding 
of the truc Poſitions of the Meridiar, Stile, Subſtile and 
Hour-diſtances in all Plains , as in the foregoing Precepts 


is delivered, unleſs allo we be as ſevere or {tit 1n _— 
of: 
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of the Site or Poſition of the Plain, upon which the Dial 
is to be made. For what will it ſignifie to make the Dial 
true, and place it in a wrong Poſition 2 You are in the 
Geometrical Part of this Book taught how to find the De- 
clination of any Plain, and for the finding of it, to attain 
the true Azimuth of the Sun is the chick Ingredient, and 
how to perform that Geometrically, is there taught two 
ways. But that the like exaCtnels may be 1n the performance 
of this alſo, I ſhall in this place (before I end) exhibit the 
manner of ftindivg the Sun's Azimuth at any time,and inany 
place, by Arit hmetical Calculation. 

Example, In the Latitude of 51 deg. 32 min. the Sun 
having 17 deg. 56 min. of North Declination, and his 
Altitude 35 deg. Let it be required to find his Azi- 
muth. 

Firſt, Add the Complement of the Latitude, the Com- 
plement of the Dcclination, and the Complement of the 
Suns Altitude all into one Sum,and take the halt thereof, 
from which half Sum ſubſtrat the Complement of the De- 
clination, and note the ditfcrcnce as here 15 done. 

deg. min. deg. min. 


Latitude 5t Z32 29 13 
Declination I7 5-6 Complemcnt 3; 04 
Altitude > W-- 


ſumm 165 32 


nalf tum 32 46 


The difference between the halt ſumm and 
\ . | ; IS 43 
the Complement of the De<chnation. 
Then will the proportion Le 
(1.) A3the Radius go deg. | 10 00000 


Is One. » of the Altitude 55 deg. 991336 
So is the @Q-li. »! the Latitude, 33d, 28m, 9.79383 


To the Siiic ut 3c deg. 38 min, 19.7071 
(2.) As 
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(2.) As the Sine of 3o deg. 33 min. 9 70719 

Is to the Sine of the halt ſum 82d. 46 m. 9.99653 

Co is theSine of thedifference 10 d. 42 min. 9.26873 

19.26526 

To this Sire 9.55807 

To which add the Radius or Sine of go d. 10.000c9 

The Sum ts 19.55807 

The halt Sum 9 77903 

Which is the Sine of 35 dep. 52 min. the Complement 

whereof is 53 deg. 2 min. and that doubled is 106 d. 4. m. 

which is the Suns Azimuth from the North part of the Me- 

ridian, which if you take from 120 deg. there will remain 

73 dep. 56 min. which is the Azimuth from the South. 

And thus may you find the Sun's Azimmth moſt exactly at 
any time, 


POSTSCRIPT. 


N the foregoing Treatiſe, you have Four ſeveral ways of 

making all manner of Plain Sun Dials, viz. Two Geome- 
trical, one Inſtrumental, and a Fourth performed by Arith- 
wetical Calculation: It might here be expeted, that I ſhould 
now ſhew how to adorn and beautifie theſe Dials with various 
Furniture relating to the Sun's C ourſe : 3 1 having done ſome- 
thing (long ſince) of that Nature in another place: And to 
treat of them here, would have much enhaiunced the Price of 
the Book the Engraving and Printing Copper Schemes being ve- 
ry Chargeable : [ut to ſatisfie ſuch as are delighted with Cu- 
rioſities of this Nature, the Author hereof, hath now in the 
Preſs, a Bookin F olio Entituled, 


AD- 


ADVERTISEMENT 


DIALL ING, Plain, Concave, Convex, Projctive, 
Reflective, Refraftive 3 And how to Adorn them with all 
Ojejul FURNITURE. 


l. Lain Dialling, To Project the Sphere in Plano 
upon the Plain of the Horizon, (uitable to any 
Latitude; and from thence to draw the Hour- 
line, Stile and Subltile, proper to any Plain, in 

their Places and Poſitions ---- Aud alto LPOD the Proje- 

Ction, to (hew the ſeveral Sphncal Friangles,from which 

all che Requilites belonging to any Dal are to be Calcy- 

lated: And how to Calculate the lame. 

[l.- Geometrical Dialling, To hind the Place of the Me- 
ridian, Subſtile, Scale, +. upon any Dial-Plain, ſeveral 
ways are dc moiltrated. 

HI. Geomctrically to deulciribe the Parallels of the Sun's 
Courſe, The 4dzimuths, Almicanters , Babzlon, Italian , 
Jewiſh Hours, Circles of Poſition, Sc. Upon all Dial-Plains, 
by Scale and Compallcs only. 

IV. Spherical and Cylindrical Dialhng, fhewing how tu 
deicrbe Hour-hncs upon Gloves, Cylinders, and other 
Regular Solids both Concave and Convex; and to inſert 
on them the Paraltcls of the Srans, Diurnal- Arches, Az1- 
muths, Almicanters, Cc. 

V. Another wav to infcrt the fore-mentioned Paalicls 
of the Suns Coutle, cc. mta all Dial-Plaits, by help of 
Tables Calculated tor that purpoic. 

VI. A (hore Trearvife, ditcovering what kind of Lines 
(or Seftions of a Coe, rather) the Parallels ot the Sun's 
Courſe, the Azimiths, Almicanters, Cc, the Shadow of 
the Apcx of the St1l-, (oth trace out upon any Dial-Plain, 
whether Straight, Circular, Elliptical, Parabolical, or Hhper- 
bolical. VI1L 


Advertiſement. 


VII. ProjeFive Dialling, Shewing how toProjc& Hour- 
lines and all other Circles, relating to the Courſe of the 
Sun, upon all torts of Plains, whether Regular or Irre.;1- 
lar, Concave, Convex, or both 3 not taking any notice 
of their Situation, in reſpe&t of Declination or Inclina- 
ri0n. 

VII. Refleive Dialling, Or of Dials by Refiftion, ſhew- 
ing how to reflect the Sun Beams, and to dr (cr1be Hour- 
lines, ec. upon ſuch Plains, upon which th: di:-& Beams 
of the Sun can never ſhine, and that ſeveral ways 3 the 
Glaſles being placed either parallel to the Horizon, or ob- 
lique unto it. 

IX. Refraive Dialling, Or of Dials by RefraCtion 3 
Shewing how to inſcribe Hour-lines and other Circles, ©. 
in the inſide of any Concave Vellcl, Regular or Irregular, 
which ſhall ſet themſclves, and give the true Hour of the 


Day, &-c. when the Velle] ſhall be quite filled with Wa- 
ter, and part full, and part empty. 


X. The Figuc of the Pyramidicel Body of Dials (and 
an Account of every Dial abour rhe ſame) which was 
ret up in July, 1659. in the Kings Majcſties Privy-Garden 
at White-Hall, where (for ſome few months) it remained, 
but now wholly demoliſhed. 


XI. A Miſcellanious Appendix. 


